
ENVIRONMENTAL INVESTIGATION AND
HEALTH IMPACT ASSESSMENT

BRIDGETON SANITARY LANDFILL

Prepared for:

Site: '

Break:
Ottier:

10 -<

LAIDLAW WASTE SYSTEMS

Prepared by:

r Golder
Associates

40052885

lllllll!
Superfund

JECT No. 923-6114 OCTOBER 1



Golder Associates Inc.

305 Fellowship Road, Suite 200
Mt. Laurel, NJ USA 08054
Tel: (609) 273-1110
Fax (609) 273-0778

FINAL

ENVIRONMENTAL INVESTIGATION AND
HEALTH IMPACT ASSESSMENT

BRIDGETON SANITARY LANDFILL

Prepared for:

Laidlaw Waste Systems
3221 North Service Road

Burlington, Ontario, Canada L7N 3G2

Prepared by:

Golder Associates Inc.
305 Fellowship Road, Suite 200
Mt. Laurel, New Jersey 08054

10 Copies Laidlaw Waste Systems
2 Copies Golder Associates Inc.-Seattle Office
1 Copy Golder Associates Inc.-Atlanta Office
1 Copy Golder Associates Inc.-Denver Office
3 Copies Golder Associates Inc.-Mt. Laurel Office

October 1993 923-6114

OFFICES IN AUSTRALIA, CANADA, GERMANY, HUNGARY, ITALY, SWEDEN, UNITED KINGDOM, UNITED STATES



Golder Associates Inc.

305 Fellowship Road, Suite 200
Mt. Laurel, NJ USA 08054
Tel: (609) 273-1110
Fax (609) 273-07 78

October 21, 1993 Project No.: 923-6114

Laidlaw Waste Systems
3221 North Sevice Road
Burlington, Ontario, Canada L7N 3G2

Attention: Mr. Douglas Borro

RE: ENVIRONMENTAL INVESTIGATION AND
HEALTH IMPACT ASSESSMENT

Gentlemen:

Golder Associates Inc. (Golder) is forwarding herewith a copy of the Final Report
on the Environmental Investigation and Health Impact Assessment for the
Bridgeton Sanitary Landfill Site. As you are aware, the completion of this
challenging and interesting project is the result of efforts of professional staff from
various Golder offices across the U.S.

We appreciate the opportunity to have provided our services to Laidlaw. Please
do not hesitate to contact us if you have any questions, or should you need further
assistance in the future.

Very truly yours,

GOLDER ASSOCIATES INC.

Femi Adeshina, Ph.D.
Senior Toxicologist/Project Manager

R. Forrest, C.P. Eng.
Associate

Enclosures

cc: Larry Giroux-Laidlaw
John Workman-Laidlaw

OFFICES IN AUSTRALIA, CANADA, GERMANY, HUNGARY, ITALY, SWEDEN, UNITED KINGDOM, UNITED STATES



October 1993 -i- 923-6114

EXECUTIVE SUMMARY

An Environmental Investigation and Health Impact Assessment was conducted at
the Laidlaw Sanitary Landfill Site (Site) located in Bridgeton, Missouri. The
comprehensive environmental media investigation identified specific areas at the
Site which appear to have been impacted by the low-level radioactive wastes
deposited in Areas 1 and 2 of the adjacent West Lake Landfill. The latter is known
to contain soil contaminated with low-level radioactive waste materials, including
uranium-238 and -235, thorium-232 and their decay products. Elevated radon-222
and gamma radiation levels were noted at the landfill gas collection wells located
in the northeast portion of the Site, and in the area of the Office building situated
immediately west of Area 1.

The results of the potential health impact assessment at the Bridgeton Site indicate
that measured concentrations of radon daughter products, to which on-site
workers may be potentially exposed via inhalation, are almost 10 times below EPA
regulatory limit 0.03 WL for indoor exposure. Furthermore, modeled radon gas
flare emissions, to potential on-site workers and off-site receptors, indicate worst-
case one-hour concentrations that are three orders of magnitude below the EPA's
recommended 4 pCi/L annual average level for homes.

The potential ingestion of leachate- or condensate-contaminated water by on-site
workers was found to be of no potential health concern because of maximum
detected concentrations that were below EPA proposed maximum contaminant
levels (MCLs) of 300 pCi/L (radon-222), and 20 pCi/L (radium-226) for drinking
water. In addition, the detected leachate concentrations were also below the
Metropolitan Sewer District recommended average monthly discharge limit of 600
pCi/L for radium-226.

The results of swipe tests in both office building, and on heavy equipment at the
Site also indicate that potential incidental ingestion of transferable contamination
is not a viable exposure route.

The natural background gamma radiation levels at the Site were found to be
generally consistent with natural external background levels in the United States.
But at points where gamma levels exceeded background, the detected maximum
gamma dose rate of 0.03 mrem/hr would result in an annual potential dose to Site
workers orders of magnitude below the recommended exposure limit of 500
mrem/yr for infrequent public exposure.

Colder Associates



October 1993 -ii- 923-6114

TABLE OF CONTENTS

Cover Letter

Executive Summary i

Table of Contents ii

Definition of Radiological Units v

SECTION PAGE

1.0 INTRODUCTION 1

2.0 SITE CHARACTERIZATION 3
2.1 Previous Site Investigations 4

3.0 LANDFILL INVESTIGATION ACTIVITIES 7
3.1 Landfill Gas Collection System 7

3.1.1 Radon in the Unsaturated Soil Zone 7
3.1.2 Landfill Gas Sampling Methods 9
3.1.3 Methane Gas Collection System 11

3.2 Radon Gas Sampling - General Considerations 12
3.2.1 Sampling Method 12
3.2.2 Results 12

3.3 Working Level Monitoring Investigation 13
3.3.1 Sampling Method 13
3.3.2 Results 13

3.4 Worker Radiological Survey 14
3.4.1 Sampling Method 14
3.4.2 Results 15

35 Surface Radiation Survey 15
3.5.1 Sampling Method 15
35.2 Results 16

3.6 Determination of Transferable Contamination 16
3.6.1 Sampling Method 16
3.6.2 Results 17

3.7 Personnel Breathing Zone Monitoring 17
3.7.1 Sampling Method 17
3.7.2 Results 17

3.8 Personnel Radiation Exposure Dosimerry 18
3.8.1 Sampling Method 18
3.8.2 Results 18

Colder Associates



October 1993 -iii- 923-6114

TABLE OF CONTENTS (con't)

SECTION PAGE

3.9 Leachate Collection System 19
3.9.1 Sampling Method 19
3.9.2 Results 19

3.10 Landfill Gas Condensate 20
3.10.1 Sampling Method 20
3.10.2 Results 20

4.0 TOXIC EFFECTS OF RADIATION 22
4.1 Ionizing Radiation 23
4.2 Specific Radionuclides 24

5.0 HEALTH IMPACT ASSESSMENT 26
5.1 Introduction 26
5.2 Exposure Pathway Analysis 26

5.2.1 Air Exposure Pathway 27
5.2.1.1 Inhalation of Radon in Flares 27
5.2.1.2 Inhalation of Radon in Soils 29

5.2.2 Soil Exposure Pathway 30
5.2.3 Leachate/Condensate Exposure Pathway 31
5.2.4 External Exposure Pathway 31

5.3 Evaluation of Radiation Doses 32
5.3.1 Inhalation Dose Estimates 32

5.3.1.1 Measured Radon Concentrations 32
5.3.1.2 Modeled Radon Concentrations 35

5.3.2 Ingestion Dose Estimates 38
5.3.2.1 Leachate Concentrations 38
5.3.2.2 Condensate Concentrations 39
5.3.2.3 Transferable Radiological Contamination 40

5.3.3 External Radiation Dose Estimates 41

6.0 CONCLUSIONS 43

7.0 RECOMMENDATIONS 45

REFERENCES 46

Colder Associates



October 1993 -iv- 923-6114

TABLE OF CONTENTS (con't)

In Order
Following

LIST OF TABLES Page 47

Table 1 Sampling Point Coordinates
Table 2 Summary of Field Data, March 10-11, 1993
Table 3 Radon Concentrations in the Landfill Flare Gases
Table 4 Radon Daughter Products Measurements Using

Thomson &: Nielson Radon Working Level Meters
Table 5 Employee Radiological Survey
Table 6 Gamma Surface Measurements
Table 7 Determination of Transferable Contamination
Table 8A Radioactive Particulate Measurements for Worker Exposure During

Mowing Activity
Table 8B Gamma Radiation Exposure to Worker During Mowing Activity
Table 9 Leachate Sampling Results
Table 10 Condensate Sampling Results
Table 11 Wind Speed and Stability Class Combinations Used in the Screen

Exposure Model
Table 12 Maximum Hourly Radon Gas Concentrations and Downwind

Distances From the Screen Exposure Model

LIST OF FIGURES

Figure 1 Site Location Map
Figure 2 General Location Map
Figure 3 Interpreted Radon-222 Iso-Concentration Contour Map
Figure 4 Interpreted LFG Pressure Contour Map
Figure 5 Interpreted Methane Iso-Concentration Contour Map
Figure 6 Interpreted Oxygen Iso-Concentration Contour Map
Figure 7 Interpreted Average Gamma Iso-Concentration Contour Map

LIST OF APPENDICES

Appendix A Review of Regulatory Standards and Guidelines for Radiological
Exposures

Appendix B Field and Analytical Sampling Data
Appendix C Parameters Used in SCREEN Exposure Model for Estimating Radon

Gas Concentrations From Flare Emissions

Colder Associates



October 1993 -v- 923-6114

DEFINITION OF RADIOLOGICAL UNITS

Curie - The curie (Ci) is a unit rate of radioactive decay, and is the quantity of any
radioactive nuclide which undergoes 3.7xl010 disintegrations per second. One
picocurie (pCi) is equal to 10"12Ci, which is approximately 2 disintegrations per
minute (dpm).

rad - The unit of absorbed dose. One rad is equal to the absorption of 100 ergs per
gram of material (e.g., human tissue).

rem - Rem is the unit of dose equivalent from ionizing radiation to the total body
or any internal organ or organ system. It is equal to the absorbed dose in rads
multiplied by a quality factor (to account for different radiation types). A millirem
(mrem) is 10"3 of a rem.

Roentgen - A unit of exposure of X-ray or gamma radiation in air defined as
258x10"* coulombs per kg. One roentgen (R) produces approximately 1 rad in
tissue. One milliroentgen (mR) is 10"3 of a roentgen.

Working Level - The Working Level (WL) is any combination of short-lived radon
daughters in one liter of air that will result in the ultimate emission of 1.3xlO"5

MeV (2xlO"5 Joule m"3) of potential alpha energy. One WL equals 100 pCi/L
equilibrium equivalent concentration.

Working Level Month - The Working Level Month (WLM) is an exposure rate of
1 WL for a working month of 170 hours. Under occupational exposure conditions,
an employee exposed to 1 WL during a working year accumulates 12 WLM. In
environmental situations, exposure is continuous, such that a person with
continuous exposure to 1 WL accumulates about 50 WLM in one year. The
following equation is used to relate WL and WLM:

WLM = WL (Hours Exposed/170).

Colder Associates
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1.0 INTRODUCTION

As per the terms of reference presented in Laidlaw Waste Systems (Laidlaw)

Request for Proposal (RFP) of October 19, 1992, Colder Associates Inc. (Colder)

performed an Environmental Investigation and Health Impact Assessment at the

Laidlaw Sanitary Landfill Site (Site) located in Bridgeton, Missouri. This landfill

is adjacent to a separate landfill site (West Lake Landfill) which is known to

contain soil contaminated with low levels of radioactive waste materials, including

uranium-238 and -235, thorium -232 and their decay products.

The major objectives of this health assessment include:

1. The development of an environmental sampling and analytical plan
to identify and define areas contaminated by radioactive waste
materials at the Site;

2. The evaluation of viable exposure pathways and the potential health
impact of radioactive materials on on-site workers and off-site
receptors; and

3. The identification of applicable regulatory exposure limits of
radionuclides for occupational exposure conditions at the Site.

The health assessment presented in this report is divided into seven main sections.

In Section 2.0, characteristics of the Site and previous environmental media

investigations at the sanitary landfill are described. Section 3.0 contains a detailed

description of the nature and extent of environmental contamination at the Site.

Section 4.0 includes a discussion of the key toxicological properties of the detected

radionuclides. In Section 5.0, a discussion of the potential exposure pathways, and

a qualitative and quantitative assessment of potential radiological exposures are

presented. Also, potential exposure doses to workers, under current exposure

conditions at the Site, are determined and compared to applicable regulatory

exposure limits in this section. Section 6.0 contains the conclusions on the results

Colder Associates



October 1993 -2- 923-6114

of this investigation, while specific recommendations concerning the potential

occupational exposure conditions at the Site are presented in Section 7.0.

Presented in Appendix A is a summary of regulatory exposure levels for

occupational and general public exposures to radioactive materials. Some of these

regulatory levels may be applicable to working conditions at the Bridgeton

Sanitary Landfill. The results of the sample analyses and recorded observations

during the landfill environmental investigation activities are presented in

Appendix B. The assumptions, input parameters for the exposure model, and

results of modeled radon gas concentrations from flare emissions are presented in

Appendix C.

Colder Associates
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2.0 SITE CHARACTERIZATION

The Site is located on St. Charles Rock Road west of the Taussig Road intersection

in Bridgeton, Missouri. It is situated about one mile northwest of Route 270 and

approximately V/2 miles east of the Missouri River, and is located in a combined

rural-industrial area (Figure 1). The Site is approximately 200 acres in size. It

includes an inactive quarry, stone and limestone processing and storage areas,

and several active and inactive landfills. The nearest residential area (reportedly

a trailer park) is located about 0.75 mile southeast of the Site. The Spanish Lake

Village is a residential community of at least 90 homes reported to be located

about 0.9 mile south of the landfill site (NRC, 1988).

Two known areas of the West Lake Landfill contain low-level radioactive waste

materials (uranium-238 and -235, thorium-232 and their decay series). These areas

are located on the same site as the Bridgeton Sanitary Landfill. West Lake

Landfill, Inc. unknowingly received the radioactive material from the Cotter

Corporation in 1973. In 1976, the Missouri Department of Natural Resources

(MDNR) determined that about 8,700 tons of leached barium sulfate residues

combined with approximately 40,000 tons of top soil had been placed at the West

Lake Landfill.

The Area 1 wastes and contaminated soils reportedly comprise about 3 acres in the

northeast corner of the West Lake Landfill (Figure 2). It is believed that

approximately 20,000 cubic yards of radioactively contaminated materials are

contained in this area (NRC, 1988).

Another possible contaminated zone (Area 2) has been identified based on an

aerial radiological survey of the West Lake Landfill Site conducted in 1978 (NRC,

1988). This area is located in the northern part of the landfill and covers about 13
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acres of the 200-acre property (Figure 2). About 130,000 cubic yards of

contaminated soil are reported in this area.

A limestone ridge wall and a portion of a previously filled and capped quarry

landfill separate the existing quarry pit from Area 1. The current landfill operation

has an active, negative pressure landfill gas (LFG) collection system comprised of

several LFG collector wells which feed a utility flare located east of Area 1. This

area has since been quarried, filled with municipal solid waste (MSW), and

capped.

A passive methane collection system, consisting of several individual large

diameter concrete conduits, has also been installed in the current quarry pit which

is presently being filled with MSW (the active area - Figure 2).

2.1 Previous Site Investigations

This section briefly summarizes the present understanding of applicable Site

conditions based on information presented in the above RFP; personal interviews

and telephone conversations with Laidlaw employees; and a review of the Phase

I and Draft Phase II Environmental Investigations conducted by R.M. Wester &;

Associates.

In 1976, the U.S. Nuclear Regulatory Commission (NRC), Region III, investigated

the disposal of radioactive wastes in the West Lake Landfill located adjacent to the

Laidlaw Sanitary Landfill Site. This investigation revealed that about seven tons

of U3Og, contained in 8,700 tons of leached barium sulfate residues, had been

mixed with about 40,000 tons of soil at the Cotter Corporation Larty Avenue

facility, and the entire volume disposed of at the West Lake Landfill. The results

of previous radiological assessments indicate that the disposed materials contained

uranium and/or thorium decay chain nuclides and potassium-40. The

concentrations ranged from 1 to 19,000 picoCuries per gram (pCi/gm).

Colder Associates
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In 1978, a fly-over radiological survey that was performed for the NRC indicated

radiation levels as high as 100 microroentgen per hour (/;R/hr) in the area believed

to contain the radioactive materials at the landfill. This area has been labelled as

Area 1, but is neither owned nor operated by Laidlaw. The survey also revealed

that a fill area at the landfill that was previously believed to be "clean" appeared

to be contaminated with radioactive materials as well. Access to this area

(designated as Area 2), which is neither owned nor operated by Laidlaw Waste

Systems Inc., has subsequently been restricted to Laidlaw personnel.

The Phase I Environmental Investigation conducted by Wester Associates was

designed to evaluate the potential impact of the radioactive waste materials on the

currently active sanitary landfill operations, and to serve as the basis of a

comprehensive Health and Safety Plan for Laidlaw employees. Because the waste

materials deposited in the West Lake Landfill were residues of uranium ores from

which uranium-235 had been extracted, members of the uranium-238 decay chain

were expected to comprise the highest concentrations of radionuclides in the waste

materials.

The Phase I investigation was focused on the associated hazards of potential

exposure to the members of the uranium-238 decay chain. It was assumed in the

study that, based on the maximum concentrations of deposited materials in the

adjacent radioactive waste depositories, "it [was] highly unlikely that

concentrations of surface contamination [were] sufficiently high enough to create

an alpha and beta radiation hazard."

Ambient air monitoring for radon gas was conducted at the Site as part of the

Phase I Environmental Investigation in order to assess the potential exposure to

workers on the Laidlaw property. Both the LFG collection system and the

leachate collection and discharge system were found to contain elevated (i.e.,

greater than background) levels of radioactive materials.
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The Draft Phase II Environmental Investigation at the Site was designed to

determine:

(i) the extent of radiological contamination in the leachate collection
lagoon and discharge system; and

(ii) to evaluate the potential migration of radioactive materials from the
adjacent radioactive waste depositories to the sanitary landfill (i.e.,
active MSW) via groundwater.

The report concluded with a statement that the presence of radioactive materials

in certain areas of the landfill "exceed certain personnel protection action limits

established by the various regulatory agencies," although the limits and agencies

were not specified.

Colder Associates
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3.0 LANDFILL INVESTIGATION ACTIVITIES

3.1 Landfill Gas Collection System

Radon-222 gas samples were collected at the landfill on March 10 and 11, 1993

from selected sampling points (located by field-surveyed map coordinates as listed

in Table 1 and indicated on Figure 3). These sampling points were located in the

unsaturated soil zone (about 3 feet below grade). Sampling points were also

located at selected LFG extraction wells.

The LFG samples were collected using sampling procedures and protocols

described in Section 3.1.2 of this report. Following field analysis, the samples were

analyzed by Core Laboratories (Casper, Wyoming) for Rn-222. The laboratory

results were reported in picoCuries per liter (pCi/L). One pCi/L of radioactive

materials (amount of radon-222 gas) in a sample of soil gas or LFG (collected from

the unsaturated soil zone or gas collection well at the Site) is that quantity which

undergoes 2.22 alpha-type disintegrations per minute (dpm).

The results of the LFG collection system evaluation are listed in Table 2. The

analytical results included on this table show general background concentrations

of Rn-222 at the Site to be less than 100 pCi/L. The distribution of Rn-222 within

and adjacent to the LFG collection system is further discussed in Section 3.1.2.

3.1.1 Radon in the Unsaturated Soil Zone

Radon-222 is a heavy gas which is colorless, odorless and inert. It has a density

of 9.72 grams per liter and is soluble in water. Radon-222, a natural isotope of the

Uranium Series, is produced by the radioactive decay of radium-226 and has a

brief half-life of 3.8 days. The radioactive decay of Rn-222 produces an alpha-type

radiation.

Colder Associates
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The movement of Rn-222 in the unsaturated soil zone may occur through various

mechanisms, including diffusion, convection, alpha particle emission recoil,

pressure gradient flow, and water vapor transport. These transport mechanisms

are described below.

Diffusion: Radon-222 (as well as other LFG components1) may
move from an area of higher concentration to one of lower
concentration. This molecular diffusion through unsaturated soil is
a net flux movement which is measured as the availability of alpha-
decay particles per unit of time (e.g., 2.22 dpm) at a specific point
and depth below grade at the Site.

This radon flux is different from the radon content of the soil
(Tillman, 1989). Radon flux is a variable which is significantly time-
and location-dependent as well as physically dependent on the soil
characteristics of the unsaturated zone (i.e., effective porosity,
permeability, moisture content, etc.).

Convection: Convection is the transport process whereby gas can
move as a result of density and temperature differences. Radon-222,
having a MW of 226.05, is about 14 times heavier than methane (MW
of 16.04) and five times heavier than carbon dioxide (MW of 44.01).
Typical soil gas (MW of about 29.2) is generally about 7.7 times
lighter than Rn-222 and about 1.8 times heavier than methane.

The temperature of the LFG (MW of about 29.4) is typically 90
degrees Fahrenheit (F) or 32.2 degrees Celsius (C). Significant
temperature differentials in the landfill are not expected other than
at the Site perimeter.

Alpha Particle Emission Recoil: As the Radium-226 atom decays, it
forms the isotope Rn-222. This alpha decay causes the radon-222
atom to be propelled in the opposite direction of the alpha particle
(about 63 jjm in the soil gas), provided soil moisture or other
obstructions such as soil grains, buried refuse, etc. do not obstruct
the atom's progress (Dillon, 1989).

1Methane, carbon dioxide, nitrogen, and oxygen comprise the main components of LFG,
typically at concentrations of 44.0, 42.0, 10.5, and 3.0 percent volume, respectively (Colder
Associates Report on Cache Creek Landfill, January, 1993).
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Pressure Gradient Flows: Soil gas pressure gradients may influence
the direction and rate of radon-222 migration. The LFG interception
zones developed along the line of ten gas collection wells located in
the southwest corner of the Site may produce such pressure
gradients towards the wells.

Water Vapor Transport: LFG is typically saturated with water vapor
produced during the anaerobic decomposition of MSW. This
amount of water (about 2 x 10"4 gallon per each cubic foot of LFG)
may solubilize a portion of the radon-222 gas and, subsequently,
transport the gas with the LFG to the gas collection units. Colloidal-
sized particles may also be similarly transported in the LFG.

The radon concentrations identified on Figure 3 illustrate the interpreted extent of

Rn-222 across the 28-acre portion of the Site; that is, that portion of the entire 200-

acre property which is located in the northeast corner. This 28-acre portion

includes the 3-acre parcel which contains low-level radioactive soils comprising

Area 1. The measured radon-222 concentrations range from less than 100 pCi/L

(the maximum general background level) to about 1,770 pCi/L measured at

sampling point P-5, near LFG extraction well W-8 (Figure 3). The analytical report

and other pertinent data are summarized on Table 2 for samples collected on

March 10 and 11, 1993.

3.1.2 Landfill Gas Sampling Methods

Gas samples were collected from the unsaturated soil zone using temporary probes

passed through the cover material. A total of 26 gas samples was analyzed in the

field for combustible gas content, oxygen content and hydrogen sulfide, as well as,

relative soil gas pressure. Soil gas/LFG samples were also collected from

temporary soil gas sampling probes and from wellhead sampling ports using 1-liter

Tedlar bags. The samples were submitted to Core Laboratories for analysis within

24 hours of sampling.
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The sampling protocols included documentation of the temporary gas probe

reference number, date of sampling, name of the technician, weather and ground

conditions, vegetative conditions, etc. The type of monitoring instrument and date

of the most recent instrument calibration were also recorded.

A 3-foot barhole was then introduced into the ground using a weighted slide-

hammer fitted to a 05-inch diameter solid-steel probe. Immediately upon removal

of the probe, a 3-foot length of plastic tubing (connected to the MSA 62S and,

subsequently, the GeoGroup IR Analyzer) was inserted into the barhole. To

minimize air infiltration, the annulus between the plastic tube and the barhole was

sealed at the ground surface. The maximum percent combustible gas

concentration was measured in the barhole using the MSA 62S, and the oxygen

and hydrogen sulfide concentrations were measured using the MSA 361. Carbon

dioxide concentrations were, subsequently, measured in selected barholes using the

GeoGroup IR Analyzer.

Following field measurement of soil gas pressures and primary LFG component

concentrations, soil gas and LFG samples were collected using a 1-liter Tedlar bag

placed in a vacuum box sampler. Sample collection was initiated by opening the

vacuum box's bulk head port. The bulkhead port was closed when the Tedlar bag

was approximately one-half full. The bag box vacuum release valve was opened,

and then closed when the box pressure was in equilibrium with atmospheric

pressure. Upon opening the vacuum box, and immediately closing the Tedlar bag

inlet valve, the sample bag was disconnected from the vacuum box.

The soil gas/LFG samples were placed in appropriately labeled shipping

containers, following collection, and later shipped to Core Laboratories. A sealed

trip blank was also included in each sample shipment.

Colder Associates
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3.13 Methane Gas Collection System

The LFG collection system reportedly includes ten active gas extraction wells (W-l

through W-10) located at the northeast corner of the 200-acre property and about

14 active trench/well interceptors located in the easternmost portions of the Site

(Mohror, 1993). The ten gas extraction wells reportedly deliver a minimum of

2,500 cubic feet of LFG per minute (cfm) to the main utility flare located as shown

on Figure 2 (Durako, 1993). The easternmost LFG interceptor units deliver 1,500

cfm of LFG to each of the two utility flares located in the east/northeast portions

of the Site.

Area 1 reportedly contains less than ten feet of contaminated soil overlying 50 feet

to 65 feet of MSW which in turn, contacts the underlying alluvial sediments at an

elevation of about 400 feet above mean sea level (amsl). However, the rest of the

Site (the original quarry area) reportedly has a pre-landfill base elevation of about

250 feet amsl (RMC, 1981; Burns and McDonnell, 1986; Durako, 1993). Thus, given

an average surface elevation of about 450 feet amsl, the general depth of MSW at

the Site (beyond the immediate limits of Area 1) appears to be about 200 feet.

A comparison of Figure 4, "Interpreted LFG Pressure Contour Map" to,

respectively, Figures 5 and 6: "Interpreted Methane Iso-Concentration Contour

Map" and "Interpreted Oxygen Iso-Concentration Contour Map", illustrates the

likely relationship between the LFG pressure gradients and the gas transport

paths. Based on the greater rates of molecular diffusion of methane and oxygen

compared to Rn-222, and the potential resistance of Rn-222 to convective flow

towards the wells (based on radon-222 greater density), the comparable rate of

migration of Rn-222 would be expected to be much less than the LFG.

The gamma radiation levels measured during the Site survey (see Section 35) are

presented on Figure 7 as another indication of the probable relationship and
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effectiveness of the Bridgeton Site LFG collection system (gas wells W-l through

W-10). These interpreted contours illustrate the significantly higher gamma levels

(compared to background (<2,000 counts per minute (cpm)) which were measured

at the western and eastern ends of the line of gas collection wells W-l through W-

10. One of the highest gamma readings, in excess of 43,000 cpm, was measured

at sampling point P-16, located about 100 feet to the northwest of the Site office.

In general, it is notable that the gamma radiation data seem to indicate that the

gas well field may be having a "localized" effect on LFG extraction at the Site.

3.2 Radon Gas Sampling - General Considerations

3.2.1 Sampling Method

Samples of the landfill gas introduced to the flares were collected in order to

estimate the quantity of radon-222 released from the system. Nine 1.5 liter (L) gas

samples were collected from separate locations and submitted for laboratory

analysis of radon concentrations. The results of these laboratory analyses are

presented in Appendix B. Three samples were collected at a point located

between the blower and the main flare; three samples were collected at a location

between the blower and the main station auxiliary flare. Three other samples

were collected from the flare station located in the active fill (quarry), at a point

between the blower and the flare. A field blank consisting of 15 liter ambient air

was also collected adjacent to the main flare.

3.2.2 Results

Analytical results for the nine LFG samples, collected from the gas collection

system adjacent to the flaring stacks, and the field blank are presented in Table 3.

As indicated, the three samples collected at the main flare have an average

concentration of 173 pCi/L, with a maximum concentration of 181 pCi/L.
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The average concentration found in the auxiliary flare is 131 pCi/L, with a

maximum concentration of 171 pCi/L (Table 3). The radon concentration for the

third sample is 645 pCi/L. This concentration is significantly lower than those of

the other samples. All three samples were, however, collected within 15 minutes

of one another.

The average radon concentration found at the flare located in the active fill area

is 69 pCi/L, and the maximum is 715 pCi/L (Table 3). These values are less than

one-half the concentrations found at the main flare station. A detailed evaluation

of these results is presented in Section 5.3.1.1 of this report.

3.3 Working Level Monitoring Investigation

3.3.1 Sampling Method

Employee work areas were monitored to determine radon daughter product levels

using two active direct reading working level Thompson and Nielson TN-WL-02

monitors. The working level meter operates by sampling air from the

environment at a constant rate, while radon daughter products are collected on

a filter. Alpha particles are detected and counted by a customized integrated

circuit. The TN-WL-02 meter counts a fixed percentage of the total alpha energy

emitted and provides a time-integrated count rate. Working Level (WL) is

calculated by using the manufacturer's specified formula: "alpha counts"/

[(sampling time - 05) x calibration factor]. The calibration factor is in counts per

hour per milliworking level (cph/mWL) and is noted on the instrument at the time

of manufacture.

3.3.2 Results

Working Levels were monitored during 10 distinct intervals and are summarized

in Table 4. Representative sampling was performed within various employee work

areas, including offices and vehicle cabs. Overnight monitoring in office buildings
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was also performed. Sampling intervals were approximately seven hours during

day shift monitoring, and approximately 14 hours during overnight monitoring.

The WL meter was accidently shut-off during monitoring performed in the REX

compactor cab on March 11, 1993. The estimated shut-off time is based on

information from the compactor operator. However, the filters were replaced and

the monitoring was re-initiated at 11:30 am. Due to the interruption, the sampling

interval was limited to 5.27 hours. Monitoring performed in the cab of the D-8

dozer represents an undetermined length of time operating at the demolition

landfill and at the active area of the sanitary landfill.

The highest level monitored, 0.0047 WL, occurred in one of the offices in the main

building (Table 4). However, this level is approximately one-fourth of EPA's

recommended limit of 0.02 WL in homes. The office was monitored two

additional times. The average for the three observations is 0.0035 WL. It should

be noted that the office building monitoring was performed under typical daily

working conditions, rather than under EPA stipulated "closed house" conditions.

It should be further emphasized that EPA "closed house" conditions require that

windows and doors be closed and traffic through the building be minimized in

order to allow radon daughter products to accumulate. A detailed evaluation of

these results is presented in Section 5.3.1.1 of this report.

3.4 Worker Radiological Survey

3.4.1 Sampling Method

Employees were surveyed for radiological contamination at the commencement

and termination of their working day by using a portable ESP-1 rate meter and

HP-260 GM (pancake) probe. The survey was conducted by slowly moving the

probe over the body surface and shoes (soles) of the employees while holding the

instrument approximately one-half inch above the clothing and skin surfaces.
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3.4.2 Results

Table 5 summarizes the employee radiological survey results. The results of this

sampling event are reported as an average and a maximum activity level for each

employee monitored. A total of 14 employees was monitored; however, two

employees were not monitored prior to starting their shift, and one employee was

not monitored after his shift.

Background levels of ionizing (gamma) radiation at sea level are typically 50 -100

counts per minute (CPM) as measured by this instrument. Background counts in

the rooms where surveys were conducted averaged approximately 40 CPM with

a maximum of 90 CPM at the beginning of work shift (Table 5). Activity detected

on employees at the end of their work shifts averaged 40 CPM with a maximum

count rate of 102 CPM which is well within normal background variations. A

detailed evaluation of these results is presented in Section 5.3.2.3 of this report.

3.5 Surface Radiation Survey

3.5.1 Sampling Method

A surface radiation survey was performed at locations where radon gas samples

were collected and in areas where employees regularly work. The survey was

performed using a portable rate meter and a high efficiency gamma scintillation

probe. The probe was held between 6 and 18 inches above the ground surface,

and approximately 1 m2 of each sampling area was surveyed. An average count

rate and a maximum count rate were recorded for each sampling location. A

background count was also taken in an undeveloped area off the Earth City

Expressway, approximately five miles from the landfill.
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3.5.2 Results

Over 50 specific locations were surveyed in addition to a general survey performed

around the edge of the leachate collection pond. Twenty-five of these locations

are plotted on Figure 7, and the coordinates are presented in Table 1. Table 6

summarizes the results of the surface radiation survey. As indicated on this table,

background readings for the gamma scintillation probe and rate meter used for the

survey averaged 2,300 CPM. Average gamma activity at all the locations ranged

from 700 CPM at the lagoon to 43,200 CPM at Point 16 (Table 6). A detailed

evaluation of these results is presented in Section 5.3.3 of this report.

3.6 Determination of Transferable Contamination

3.6.1 Sampling Method

Transferable alpha contamination on heavy equipments and building surfaces at

the landfill was evaluated to determine if this represented a potentially significant

exposure pathway. A total of 18 samples was collected from areas that employees

regularly contact. Locations included exterior surfaces of field vehicles, both the

exterior and interior of cabs, and within Site buildings (Table 7). The samples

were collected by wiping a 100 cm2 area with a piece of Whatman 50 filter paper

using moderate pressure. Only one side of the filter paper was used in order to

prevent cross-contamination of samples. The samples were later placed in clean

envelopes until alpha measurements could be performed. For most of the

samples, this evaluation was conducted away from the areas where they were

collected. The wipe samples were placed under the alpha scintillation probe, and

alpha counts recorded over a 30-second period. Background alpha activity was

recorded for the location at which each measurement was conducted.
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3.6.2 Results

The degree of alpha contamination was determined by the number of alpha

decays recorded during the 30 seconds that each sample was placed under the

alpha scintillation probe. Presented in Table 7 are the sampled locations and the

results of measured alpha radioactivity for each sample. A detailed evaluation of

these results is presented in Section 5.3.2.3 of this report.

3.7 Personnel Breathing Zone Monitoring

3.7.1 Sampling Method

Airborne particles were collected at the Bridgeton Site from an employee's

breathing zone during routine grounds maintenance activities (i.e., mowing) along

the southwest edge of Area 1 of the adjoining West Lake Landfill. This area is

known to contain low-level radioactive waste materials. Personnel air monitoring

was performed using a portable personal air sampling pump connected to a filter

cassette by plastic tubing and attached to the employee's waist band, while the

filter cassette was attached to the employee's shirt collar. The sampling train,

pump, tubing and cassette were calibrated using a soap bubble calibration tube

and rotometer, set at a flow rate of 2 L/min. Instrument calibration consisted of

measuring the time required for a soap bubble to travel 100 mL at various flow

rates and recording the time and rotometer setting. Flow rates were recorded five

times and an average value was calculated. Following completion of the

monitoring, the cassette was disconnected from the tubing, and both ends were

sealed with plastic plugs.

3.7.2 Results

Personnel breathing zone was monitored for 30 minutes and the results of the

radiological analysis of the filter cassette (using EPA Methodology 900.0) are

summarized in Table 8A. As indicated on this table, gross alpha activity was
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measured at 0.2 +/- 0.5 pCi/L, while gross beta activity was detected at 05 +/- 0.9

pCj/L in the analyzed sample. A detailed evaluation of these results is presented

in Section 5.3.3 of this report.

3.8 Personnel Radiation Exposure Dosimetry

3.8.1 Sampling Method

A thermoluminescent dosimeter (for recording external radiation exposure) was

used to monitor potential employee exposure during grounds maintenance

activities (i.e., mowing) at the Bridgeton Site. The passive gamma dosimeter

provides an accurate and sensitive method for measuring external radiation dose,

with an exposure range of 10"2 rem to 105 rem. One dosimeter was worn during

mowing along the southwest edge of the radiologically contaminated Area 1 (on

the adjoining West Lake Landfill). A second dosimeter was also used as a control

device during this investigation. When not in use, the experimental gamma

dosimeter was stored at the same location as the control dosimeter. The dosimeter

was worn for a total of approximately seven hours, and the initial and final time

for each event was recorded.

3.8.2 Results

The results of the radiation dosimetry for the measurement of the external

radiation exposure are presented in Table 8B. As indicated, the gamma radiation

dose was reported below the analytical detection limit of <10 mrem for both the

experimental and control dosimeters. A detailed evaluation of these results is

presented in Section 5.3.3 of this report.
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3.9 Leachate Collection System

3.9.1 Sampling Method

Four water samples were collected from the lagoon discharge overflow and were

assumed to be representative of leachate discharged to the sanitary sewer system.

Two 1-liter samples and duplicates were collected, plus duplicates collected in

Volatile Organic Analysis (VOA) vials. An initial grab sample was collected in a

25 gallon open container and apportioned into 1-liter polyethylene sample bottles,

and the glass VOA vials. Samples in the VOA vials were then placed in a cooler

containing blue ice. The 2.5 gallon container was rinsed three times with distilled

water and discarded. Distilled water was placed in the container and used to fill

one 1-liter sample bottle and two VOA glass vials. These samples represented

equipment blanks. Leachate samples collected in the 1-liter polyethylene bottles

were analyzed for gross alpha, gross beta, and radium-226. The VOA vials were

analyzed for radon-222.

3.9.2 Results

The results of the leachate sampling analyses are summarized in Table 9 and

presented in Appendix B. Radon-222 concentrations were reported to be 240, 266

and 284 pCi/L in the analyzed leachate samples, and below the detection limit of

206 pCi/L in the equipment blank.

Radium-226 concentrations were measured at 1.4 pCi/L in the leachate samples

and below detection limit (0.6 pCi/L) for the equipment blank (Table 9). Gross

beta activity was measured at 84.7 pCi/L in the leachate sample and 4.8 pCi/L in

the equipment blank Gross alpha activity was reported below the analytical

detection limits of 19.3 and 2.0 pCi/L, respectively, for both the leachate sample

and the equipment blank. A detailed evaluation of these results is presented in

Section 5.3.2.1 of this report.
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3.10 Landfill Gas Condensate

3.10.1 Sampling Method

Landfill gas condensate was collected (in accordance with SW-846 sampling

methodology) from the condensate tank located at the main landfill gas extraction

system. A 1-inch drain plug on the condensate tank was removed and a plastic

tube was used to siphon condensate from the tank. A grab sample was collected

into a 25 gallon open container and apportioned into a 1-L plastic container, and

four 40-ml glass VOA vials. A second 1-L plastic container and another set of 40-

ml VOA vials were filled as duplicate samples. The open top container was rinsed

three times with distilled water and discarded. Distilled water was again placed

in the container and used to fill one 1-L plastic bottle and four 40-ml VOA vials

for equipment blanks. Condensate samples collected in the plastic bottles were

analyzed for radium-226, gross alpha and gross beta radioactivities.

A second condensate sample was collected from the landfill gas extraction system

for radon-222 analysis. This sample was collected from a low point in the

extraction system located adjacent to Condensate Drain No. 3. A grab sample was

collected in a 2.5-gallon bucket and apportioned into one sample and a duplicate

each consisting of two 40-ml VOA vials. The 2.5-gallon bucket was rinsed three

times using distilled water which was then placed in the bucket, and used to fill

two additional VOA vials for the equipment blank.

3.10.2 Results

The results of the condensate sampling analysis are summarized in Table 10.

Radon-222 concentrations were reported to be 244 pCi/L in the second condensate

sample, 309 pCi/L in the duplicate, and 295 pCi/L in the equipment blank.

Radium-226 concentration in the first condensate sample was reported at 0.4 pCi/L,

but was not detected in the duplicate sample or in the equipment blank. Gross

alpha activity was measured at 3.6 pCi/L in the sample, but was not detected in
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the duplicate and the equipment blank samples. Gross beta activity was detected

at 10.1 pCi/L in the sample, 5.4 pCi/L in the duplicate, but not detected in the

equipment blank. A detailed evaluation of these results is presented in Section

5.3.2.2 of this report.
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4.0 TOXIC EFFECTS OF RADIATION

The information presented in this section is a general discussion of the health

effects of exposure to radiation and radioactive materials. It is not an

interpretation of the health impacts that may be associated with potential exposure

to the low-dose radiation present at the Bridgeton Landfill.

The radioactive materials that have been detected at the sanitary landfill include

radium-226 and radon-222. Both are naturally occurring elements, and have half-

lives of approximately 1,600 years and 3.8 days, respectively. These radionuclides

are members of the uranium decay chain and they emit alpha particles and

gamma rays. Human exposure to members of the uranium series depends on the

physical and chemical behavior of the particular element, and the exposure is via

three main routes: inhalation, ingestion, and external radiation. The short-lived

radon daughters represent an inhalation hazard and deliver significant dose to the

bronchial epithelium of the lungs. If internalized, the radon daughters, uranium,

and radium will tend to concentrate in the bone with concomitant dose delivered

to bone surfaces. The external gamma emitters, and to some extent the Po-210 in

the body, tend to irradiate the whole body.

It is important to note that, in the case of exposure to radon and radon daughters,

the ingestion route delivers only a small dose in comparison to inhalation or

external whole-body radiation. Further, in most circumstances, the external whole-

body dose is significantly less than the dose to lung resulting from inhalation.

Thus, it is inappropriate to consider these varied doses to different body organs

as being directly additive (NRC, 1988).
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4.1 Ionizing Radiation

When ionizing radiation interacts with matter, it strips atoms of their electrons.

In living tissue, this can result in direct cell damage, or indirect cell damage caused

by toxic by-products. Examples of ionizing radiation are gamma and X-rays, and

alpha and beta particles. The following constitute four major sources of human

exposure to ionizing radiation:

1. Natural sources of both internal and external irradiation;

2. Medical and therapeutic sources for cancer treatment;

3. Nuclear reactions, such as nuclear power reactors and weapons; and

4. Industrial X-ray machines, and consumer and industrial products.

Acute Exposure

In general, the acute whole-body radiation exposure to moderate and high doses

(>50 rads) of irradiation is likely to occur only under accident situations at nuclear

plants, nuclear warfare, or possibly during manned space flights. Such high doses

are usually delivered at relatively high dose rates (several rads per hour), and the

acute effects, which include a combination of gastrointestinal and neuromuscular

symptoms, are threshold phenomena and dose-rate dependent (JQaassen et al.,

1986). It is important to note that the manifestation of early effects occur only at

fairly high doses (>50 rads). That is, at doses much higher than those that could

be associated with potential exposure at the Bridgeton Landfill Site. The incidence

and severity of the effects also increase non-linearly with increasing exposure dose

(Klaassen et al., 1986).

Again, it should be emphasized that any adverse health effects that may be

associated with moderate to high doses (>50 rads) of ionizing radiation will not

be manifested at the very low exposure doses that are present at the Site.
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Chronic Exposure

Evidence of radiation-induced lung cancer, following chronic exposure, is based

on experience with uranium miners exposed to radon gas and radon daughters

at very high levels. It should be, however, noted that the highest measured

concentration at the Bridgeton Site (i.e., 0.0047 WL, or, 0.056 WLM) is orders of

magnitude lower than the levels found in the uranium mines (i.e., 4 to 10,000

WLM) (Whittemore and McMillan, 1983).

Epidemiologic studies have also demonstrated a dose-effect correlation between

very low doses of X-ray irradiation received in utero and cancer incidence in

children. It is also important to emphasize that there is still a great deal of

controversy on the magnitude of the potential cancer risk that may be associated

with exposure to low and very low doses of ionizing radiation.

4.2 Specific Radionuclides

The toxicity of internally deposited radionuclides is very specific to each

radionuclide. Therefore, a brief discussion of the toxicological characteristics of the

radionuclides of interest at the sanitary landfill site will be presented in this

section.

Radium

Radium is a metabolic analog of calcium and it is, therefore, deposited in the

skeleton where it irradiates bone and adjacent tissues with alpha radiation at a

dose rate that decreases slowly with time (Klaassen et al., 1986). Studies of groups

of industrial chemists and women factory workers who were occupationally

exposed to luminous paints containing radium, have demonstrated an increase in
/

the incidence of bone cancer in heavily exposed persons.
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Epidemiologic studies have also clearly established that radium induces carcinomas

(cancer) of the mastoid and paranasal air sinuses. However, the lower the burden

of radium in the body, the later and less frequent is the occurrence of malignant

tumor with subsequent fatality (Klaassen, et al., 1986).

Radon and Radon Daughters

Radon gas, which is produced by the decay of radium, is inert and migrates easily

through air. If inhaled, some of it will be absorbed into the blood from the lungs

and be, subsequently, transported throughout the body while the rest is exhaled

(NRC, 1988). Radon daughter products are particles which form directly in air

from radon gas. Upon decay, the radon daughters emit alpha particles which are

potent ionizers. But because of their relatively large mass and double positive

charge, alpha particles do not penetrate deeply in tissues (Paustenbach, 1989).

Radon daughters (Po-218, Pb-214, Bi-214, Po-214) tend to attach to respirable dust

particles. Inhaled radon daughters lodge in the deep lung and emit their alpha

particles directly into the bronchial epithelium. The principal health effect of

ionizing radiation associated with alpha-emitting radon and radon daughters is

lung cancer. Smokers who are exposed to radon and its daughters are at a much

greater risk of developing respiratory lung cancer due to the synergistic effects (i.e.,

multiplicative interaction) of the dual exposure (NRC, 1988).
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5.0 HEALTH IMPACT ASSESSMENT

5.1 Introduction

Human health impacts resulting from environmental contamination are a function

of both exposure and toxicity. Although a contaminant may be inherently very

toxic; however, it will not pose a hazard to human health unless an exposure

pathway (e.g., dust inhalation) is viable, resulting in a subsequent "dose".

Conversely, many environmental contaminants to which the general public is

continuously exposed are of little concern because they are not very toxic.

This assessment evaluates potential health impacts to workers associated with

current Site conditions. It is assumed that Areas 1 and 2 will remain inactive in

terms of landfill operations, and also, that the soils in these areas will not be

disturbed. The potential health impact of airborne radon emissions on landfill

workers on-site, and the potential impact on residential populations off-site were

considered in this assessment.

The potential exposure pathways through which workers at the Site may become

exposed to radiation are evaluated in Section 5.2. An assessment of the potential

radiation doses (i.e., health impacts) that may be associated with potential

exposures is presented in Section 5.3

5.2 Exposure Pathway Analysis

There are generally three routes through which people may be exposed to ionizing

radiation: inhalation of radioactive gases or particles, ingestion of radioactive

particles, and external exposure to gamma radiation. Soil contaminants may also

deposit on the skin; however, with the exception of radioactive materials entering

an open cut or wound, the dermal exposure route is relatively unimportant at the

Site. Therefore, this route is not considered in this assessment.
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The radioactive properties of a substance cannot be changed by any chemical or

physical process. Consequently, any radon present in the landfill gas stream will

not be destroyed, nor will its radioactive properties be altered in any way by the

flare combustion process. Instead, radon gas will be emitted intact to the

atmosphere. Although radon is approximately eight times heavier than air, given

the extremely low concentrations of radon (relative to the concentration of other

gas molecules), Brownian motion will keep the radon "suspended" in the gas

stream from preferentially "settling-out." The dispersion characteristics of the

radon are assumed to be identical to the flared landfill gas.

5.2.1 Air Exposure Pathway

5.2.1.1 Inhalation of Radon in Flares

Radon gas concentrations measured in the landfill flare gas at the Bridgeton

Sanitary Landfill ranged from 64.5 pCi/L (picoCuries per liter) to 181.0 pCi/L, while

a single ambient air sample taken on the active landfill in the immediate vicinity

of the gas collection system contained 5.9 pCi of radon gas per liter of air (Table

3). An airborne radon concentration of 4 pCi/L is typically associated with the

EPA's recommended action level of 0.02 Working Levels (WL) averaged over a one-

year period for considering remediation of radon in homes (40 CFR 192). Hence,

the radon concentrations observed at the Bridgeton Site may be raised as a

potential issue.

Gas Emission Modeling

A simple screening procedure using the "flare option" of the EPA's UNAMAP Series

6, "SCREEN" Exposure Model (EPA, 1988) was performed to evaluate the potential

impact of radon gas emissions associated with the landfill gas collection system on

ambient air quality. As the name implies, the SCREEN exposure model is a very

simple "first cut" screening tool. What the model gains in simplicity, however, is

sacrificed in accuracy because of conservatism. The exposure model calculates the
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one-hour average concentration at user-specified distances on a line directly

downwind from the source, for each of the windspeed/stability class combinations

shown in Table 11. The model estimates the maximum one-hour concentration

found for the worst-case meteorological conditions (wind speed/stability class

combinations) at each specified downwind distance, and iterates to find the

concentration and downwind distance of the "maximum" one-hour maximum

concentration. Consequently, as far as properly applied Gaussian dispersion

modeling is concerned, the results of the SCREEN exposure model are truly

"worst-case" exposure estimates.

The SCREEN exposure model requires emission rates to be entered in units of

grams per second (g/s), and reports calculated concentrations in micrograms per

cubic meter (/yg/m3). Radon emission rates for the present application were

calculated based on measured radon concentrations in the gas stream in pCi/L,

and maximum design capacities of the flares/blowers in units of cubic feet per

minute (cfm). Radon gas emission rates were input in the model in units of

milliCuries per second which results in calculated ambient air concentrations being

reported in nanoCuries per cubic meter, which is exactly equivalent to picoCuries

per liter.

The base of the main flare is at an elevation of approximately 472 feet. The

auxiliary flare is located approximately 50 feet from the main flare at an elevation

of 460 feet. The 8-inch utility flare is assumed to be located in the immediate

vicinity of the GC-2 well at an elevation of 330 feet with a 150-foot (i.e., 46-meter)

cliff located approximately 500 feet (i.e., 150 meters) to the southeast. The SCREEN

exposure model has options for "simple" (flat) terrain, "elevated" (below stack

height) terrain, and "complex" (above stack height) terrain.

The model was used once for the main flare while assuming simple terrain, and

was also used twice using both the simple and elevated terrain options for the
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auxiliary flare. In the latter case, it was assumed that the terrain is elevated four

meters above the base of the auxiliary flare, or the approximate elevation of the

main flare. Furthermore, the model was also applied twice for the 8-inch utility

flare, using both the simple and complex terrain options. A 46-meter feature,

located 150 meters from the base of the flare, was assumed in the latter case.

The modeled maximum hourly radon gas concentrations for specific maximum

downwind distances are presented in Table 12. The assumptions, input

parameters for the exposure model, and computer printout of modeled radon gas

concentrations, due to landfill gas flare emissions, are included in Appendix C.

An evaluation of the potential health impacts of exposure to predicted gas

concentrations is presented in Section 5.3.1.2

5.2.1.2 Inhalation of Radon in Soils

The air exposure pathway is a viable means of receptor exposure if radioactive

materials are present on the ground surface, and are in a form such that these

materials can be resuspended in the air as dust. If radioactive materials are

contained (i.e., covered with uncontaminated soil or an equivalent material), and

if the cover is stable and not disturbed, then such contaminants will not be

available for erosion and wind transport. Thus, the fugitive dust inhalation

pathway will not be viable. Currently, there are only a few small areas in which

contaminated soils at the adjacent West Lake Landfill protrude to the surface

(RMC, 1982; Lambert, 1992 and 1993). Consequently, swipe samples of buildings

and heavy equipment, and "frisking" of landfill employees for potential

radiological contamination indicate that contaminated fugitive dust is not of

concern at the Bridgeton Sanitary Landfill.

Thus, inhalation of fugitive dust by on-site workers is not considered as a

potential exposure pathway in this assessment
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The inhalation pathway may be significant if radium-224 or -226 (the precursors

of radon-220 and -222) are present in the soil within the first few feet. Under such

circumstances, radon may migrate to the surface and be dispersed into the air.

Radon emanation from soil is partially a function of the depth of the parent

material (radium), and atmospheric conditions (barometric pressure). Buried gas

collection lines, operating under negative pressure, actively draw radon gas out of

the soils. Under normal conditions, this radon may otherwise have been too deep

to reach the ground surface before decaying. In addition, the radon which could

have conceivably escaped from the soils over a large area at the Site is currently

collected and discharged as point sources in the gas flares.

Radon is known to be present, and is considered to be a potentially significant

contaminant at the Site; hence, the potential inhalation of radon (and its decay

products) in soils by on-site workers has been considered in this assessment.

5.2.2 Soil Exposure Pathway

Ingestion Scenario

The soil ingestion pathway is viable if radioactively contaminated soils in the

landfill are uncovered such that people may come in contact with them. Such

ingestion will be incidental — resulting from close physical contact with soils. If

the contaminated soils in Areas 1 and 2 of the West Lake Landfill are not

disturbed, and if they are covered with a sufficient amount of clean material, the

ingestion pathway will not be viable. As with the fugitive dust inhalation

pathway, the soil ingestion pathway is not considered to be complete at this Site

because the areas in which contaminated soils are exposed are small and access

by Laidlaw personnel is restricted (RMC, 1982; Lambert 1992 and 1993).

Consequently, the potential ingestion of radioactively contaminated soils by on-

site workers is not of concern.
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5.23 Leachate/Condensate Exposure Pathway

Ingestion Scenario

Leachate is collected in a lagoon at the Site where it is aerated before being

discharged into the Metropolitan Sewer District System. Gas condensate at the

Site is collected in a tank located at the main landfill gas extraction system, and

eventually emptied into the leachate lagoon. It should be noted that potentially

contaminated leachate and/or condensate are not ingested by Site employees.

However, as worst- case scenarios, leachate and condensate are considered in this

assessment with respect to potential ingestion.

5.2.4 External Exposure Pathway

An external exposure pathway does not require physical contact with radioactive

materials. Rather, certain types of radioactive materials emit photons (gamma and

X-rays) which can actually penetrate soil, clothing, and skin. The significance of

this pathway is dependent on the type and quantity of radioactive material

present, and the thickness of the uncontaminated soil cover. Most of the

radionuclides present in the landfill do not emit photons, or emit photons that are

of such low energy that they are not highly penetrating. One meter (i.e., 3.3 ft) or

less of clean soil cover is sufficient to shield against these photons. Some of the

radionuclides which are present (e.g., bismuth-214) emit relatively high energy

photons. But these emissions, however, would be completely shielded by 3 meters

(i.e., 10 ft) of soil. Because much of the contaminated soil at the adjoining West

Lake Landfill is currently covered, the external exposure pathway is only

applicable to a few small areas. This pathway is, however, included in this

exposure assessment.
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5.3 Evaluation of Radiation Doses

The evaluation of potential radiation doses to workers at the Site is based on the

conclusions from previous environmental investigations, analytical results of the

current investigation as outlined in Section 3, and the exposure pathway analysis

conducted in Section 5.2 of this report. The evaluation of potential radiation doses

to off-site receptors is based on modeled airborne radon concentrations in flare gas.

53.1 Inhalation Dose Estimates

5.3.1.1 Measured Radon Concentrations

By convention, radon exposure is measured in terms of working levels (WL), while

cumulative exposures over time are measured in working level months (WLM).

One WL is defined as that concentration of radon daughters in 1 liter of air which

has a potential alpha particle energy release of 1.3 x 105 MeV (million electron

volts). This is approximately the amount of alpha energy emitted by the short

half-life progeny in equilibrium with 100 pCi of radon. The WLM unit of exposure

is defined as an exposure to an average of one WL for a working month of 170

hours (NRC, 1988).

Working level (WL) meter data indicate that the highest concentration of radon

daughters to which employees may be exposed is 0.0047 WL (detected in the main

office building). This concentration is consistent with other measurements taken

in the same building (0.0037 WL and 0.0023 WL).

Working level measurements were also taken in 1980 by Radiation Management

Corporation (RMC, 1982). The highest levels were reportedly detected both near

and inside the Shuman Building (within Area 2), with a reported maximum of

0.031 WL.

Colder Associates



October 1993 -33- 923-6114

\

The EPA standard for indoor radon decay-product concentrations due to uranium

and thorium mill tailings (40 CFR 192) is a limit of 0.03 WL, including background,

in any occupied or habitable building. The highest detected WL measurement to

date (within Area 2 in 1980) is only slightly higher than this limit. However,

recent measurements at the Bridgeton Landfill Site (Table 4) are nearly 10 times

lower than the EPA limit.

Therefore, based on the criterion of 0.03 WL for indoor radon, the above

analytical data indicate that the inhalation pathway at the Site does not pose a

potential threat to the health of workers.

Comparison of radon concentrations in flare gas to radon concentration limits for

homes or buildings is not appropriate because flare gases loft and disperse

significantly before descending to a location where persons may be exposed to

flare emissions. However, because Site personnel may be exposed to flare gases

when servicing gas collection and flare equipment, their potential exposure to

radon in flare gas is considered in this assessment.

Although recommended limits regarding exposure to radon are usually expressed

in terms of WL and WLM, measurements of radon in flare gases are most easily

conducted in terms of radon gas concentrations (in units of pCi/L). This is not a

problem, however, because these limits can be converted into radon

concentrations. For example, the National Council on Radiation Protection

(NCRP, 1993) recommends that remedial action be undertaken when continuous

exposure to radon (e.g., in the home) is expected to exceed an annual exposure of

2 WLM. Assuming that a worker could be directly exposed to flare gases for 4

hours per day, 1 day per week, the maximum concentration to which this worker

could be exposed (without exceeding the recommended limit) is approximately 340

pQ/L of radon. Thus, as long as the radon concentration is less than 340 pCi/L,
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and exposures are less than 4 hr/wk, the recommended limit of 2 WLM per year

will not be exceeded. This radon concentration is calculated as follows:

2 WLM/yr x (170 hr/mo) / (4 hr/wk x 52 wk/yr) = 1.7 WL

The relationship of WL to radon daughter concentration is: 1 WL = 100 pCi/L of

radon daughters (total). As a rule of thumb, the concentration of radon daughters

is roughly half of the concentration of radon gas. Therefore, 1.7 WL is equal to 170

pCi/L of radon daughters, which is equivalent to a radon concentration of 340

pCi/L.

The average radon-222 concentration in the main flare is 173 pCi/L (Table 3). The

concentrations in the auxiliary flare and active fill area flare are smaller (131 pCi/L

and 69 pCi/L, respectively). Since these radon concentrations are less than 340

pCi/L, the recommended exposure level will not be exceeded as long as exposure

to flare gas is not significantly greater than 4 hr/wk. In addition, radon is a

naturally occurring element which is present in all soils at varying levels. Thus,

the presence of radon in the gas collection system does not necessarily suggest that

the contaminated soils is the source of the radon.

The results of air particulate data from an employee performing ground

maintenance activities (i.e., mowing) at the grounds adjoining Area 1 of the West

Lake Landfill, suggest that potential radioactivity in this area is negligible. This

may be attributed to the inherent uncertainties that are associated with the

analytical data. That is, the errors associated with the gross alpha and gross beta

measurements exceed their respective count values (e.g., gross alpha was reported

as 0.2 +/- 05 pCi/L). Thus, the measurements are not significantly different from

zero. Further, the reported gross alpha and beta activities are also less than their

respective lower limits of detection.
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5.3.1.2 Modeled Radon Concentrations

It is recognized that the combined contributions of three flares and local

topographic effects in the very complex landfill terrain could result in

concentrations many times greater than the SCREEN exposure model results

would indicate. However, the exposure model results are intended to be

interpreted qualitatively to evaluate the potential for air quality problems, and not

as a fine line between acceptable and unacceptable conditions.

It is accepted practice to estimate the maximum 24-hour concentration by

multiplying the maximum one-hour concentration by 0.4 +/- 0.2 (EPA, 1988).

While the EPA will not accept extrapolation from one-hour averages to annual

averages for purposes of demonstrating regulatory compliance, empirical data

produced by the Tennessee Valley Authority indicate that annual average

concentrations may be two orders of magnitude less than the observed maximum

one-hour concentration (Montgomery and Coleman, 1975).

Consequently, a very conservative estimate of the maximum one-hour average

concentration based on the 24-hour average calculated for impaction of the 8-inch

utility flare plume on the edge of the cliff would be 0.163 E-02 divided by 2, or

0.00815 pCi/L. Assuming that the maximum one-hour concentration for each flare

occurred during the same hour at the same location would result in a combined

maximum one-hour concentration of 0.01 pCi/L. Applying even a one-order of

magnitude correction to extrapolate from the maximum one-hour concentration

to an annual average concentration would result in an estimated annual average

concentration of 0.001 pCi/L, or 3/2 orders of magnitude below the EPA-

recommended 4 pCi/L level.

The salient point to be noted here is that the results of the exposure model

indicate that once the 180 picoCuries of radon gas per liter of landfill gas are
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emitted through the flare and dispersed in the atmosphere, the worst-case one-

hour average concentrations are three orders of magnitude below the EPA's

recommended 4 pCi/L annual average concentration for homes.

Therefore, based on the SCREEN exposure modeling results, it appears that

radon gas concentrations in the ambient air, due to landfill gas emissions from

the flares, will not pose a potential air-quality problem.

Radon concentrations measured in picoCuries per liter of air are only indicative

of the concentration of radon gas. This is because the concentration of radon gas

in air does not reflect the concentration of radon daughters in the air unless the

decay products are in equilibrium with the radon gas, or the extent of equilibrium

is known. The reason why radon gas is an "indoor air quality" problem is because

radon gas emitted outdoors is dispersed by air currents, and is rapidly diffused in

the atmosphere. The radon gas concentration may be relatively unchanged due

to a constant source. There is, however, constant "turnover" of the radon gas with

little, or no possibility for radon daughters to accumulate, or even remotely

approach equilibrium with the parent gas.

This is consistent with the fact that in spite of the 5.9 pCi/L of radon gas measured

in the ambient air at the landfill (Table 3), workers' exposure levels measured in

Working Levels in the same area were all below 0.001 (Table 4). At 50%

equilibrium, 5.9 pCi/L corresponds to approximately 0.03 WL, which is slightly in

excess of the EPA's 0.02 WL action level. However, the observed radon gas and

radon daughter concentrations of 5.9 pCi/L and 0.0047 WL, respectively,

correspond to less than 2% radon/daughter equilibrium, which is entirely

reasonable for outdoor radon emissions.

When radon is trapped in a poorly ventilated uranium mine, or in a basement,

there is sufficient time, however, for the radon to decay to radon daughters which
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may "build-up" and achieve equilibrium with the parent gas. Thus, the 4 pCi/L

radon concentration associated with the EPA's recommended action level of 0.02

WL is, in fact, based upon the assumption that the radon decay products are 50%

in equilibrium with the parent radon gas. It should be noted, however, that it is

only in this case that 4 pCi/L is equivalent to 0.02 WL.

The highest detected radon daughter concentration (0.0047 WL) at the Bridgeton

Site was measured indoors (i.e., in an office). It is appropriate to point out that the

EPA's 0.02 WL action level is based upon an assumed 20 "Working Level Months"

per year spent in the home, whereas occupational exposure limits are generally

based upon 12 Working Level Months. As previously explained, a "Working Level

Month" is the equivalent of one month at work (i.e., 170 hours or 40 hours per

week for one month) while exposed to a radon daughter concentration of 1.0 WL.

Thus, the EPA action level for radon daughters in homes is actually 0.02 WL x 20

months or 0.4 WLM per year. Consequently, if someone were to occupy the office

with the 0.0047 WL concentration of radon daughters, for 170 hours per month,

the resulting exposure would be 0.0047 x 12, or 0.056 WLM.

Any one of the observations and/or results discussed above would, in itself, offer

much in the way of compelling evidence that radon gas emissions do not pose a

potential air quality problem at the Bridgeton Landfill. However, certain results

if taken out of context or examined in isolation would indicate otherwise. It

should be emphasized that the radon gas concentrations measured in both the

landfill gas collection system and the ambient air, the SCREEN exposure model

emission results, the measured worker exposure levels, and the implied radon-

daughter equilibrium levels are all very reasonable and quite consistent.

Thus, it can be concluded from the above discussions that the radon gas

emissions from the Bridgeton Landfill Site, whether from the active landfill gas
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collection system, or due to passive venting, do not pose a potential threat to Site

workers, the general public, or the environment.

53.2 Ingestion Dose Estimates

5.3.2.1 Leachate Concentrations

Although leachate is not ingested at the Site, leachate concentrations may be

compared to drinking water standards for the purpose of evaluating the potential

impact on human health, and to the Metropolitan Sewer District limits for

discharge to the sewers to evaluate the potential impact on community water

supply systems. The EPA's proposed maximum contaminant levels (MCLs; 40 CFR

141) for radon-222 and radium-226 are, respectively, 300 pCi/L and 20 pCi/L. As

indicated in Table 9, the maximum detected radionuclide concentrations in

leachate samples are 284 pCi/L (radon-222), 1.4 pCi/L (radium-226), and 84.7 pCi/L

(gross beta activity). In both cases, the maximum detected concentrations are less

than the proposed MCLs. Gross alpha activity was not detected in the analyzed

leachate samples. The results of these analyses clearly indicate that the leachate

at the Site will not adversely impact the quality of potable groundwater.

The Metropolitan Sewer District recommended average monthly discharge limit

for radium-226 is 600 pCi/L (10 CFR 20). It is noteworthy that by comparison, this

limit has not been exceeded by the detected concentrations in leachate samples at

the Site (Table 9).

It can, thus, be reasonably concluded that the discharge of contaminated leachate

into the sewer system will not pose a potential threat to humans or the

environment.

For gross beta activity, the presumptive screen for regulatory compliance is 50

pCi/L in drinking water. The maximum detected gross beta activity of 84.7 pCi/L

(Table 9) exceeds this concentration. This is consistent with the findings by the
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NRC (1988), that several on-site water samples at the West Lake Landfill, including

all the leachate treatment plant samples, exceeded the EPA drinking water action

level (50 pCi/L) for gross beta activity. However, this does not pose a direct threat

to human health, particularly in the case of reasonably anticipated occupational

exposure scenarios, unless someone were to use the landfill leachate as a primary

source of drinking water. Furthermore, isotopic analyses have indicated that the

beta activity can be attributed to potassium-40 (NRC, 1988). Potassium-40 is a

naturally occurring radionuclide which is present in all soils, and is not usually

associated with radioactively contaminated soils.

Therefore, it may be reasonably concluded that the contribution of any

exogenous radionuclides in the leachate to the (total) impact on human health,

is expected to be negligible.

5.3.2.2 Condensate Concentrations

In the case of potential exposure to contaminated condensate at the Bridgeton

Landfill, the data of the analyzed radionuclides suggest that potential radioactivity

in this medium is negligible because of the associated counting errors reported for

gross alpha and radium-226 (Table 10). Further, (according to information received

from the laboratory) the sample and duplicate analytical data for these

radionuclides are not significantly different from the equipment blank results,

based on a 95% statistical confidence level for counting errors.

The gross beta activity in the condensate sample reported at 10.1 +/- 2.4 pCi/L

exceeds the detection limit of 3.0 pCi/L, and is also significantly higher than the

equipment blank at the 95% confidence level (Table 10). The same is also true for

the duplicate sample. Although the presence of beta emitters in the condensate

at a concentration higher than the sampling equipment blank was reported;

however, this does not suggest that the radioactivity is the result of the

contamination at the Site. Rather, this may simply reflect natural radioactivity that

Colder Associates



October 1993 -40- 923-6114

is associated with the general geographical location and conditions. In addition,

even though condensate is discharged into the leachate lagoon at the Bridgeton

Landfill, as noted above, leachate is not ingested at the Site. Further, the EPA

drinking water action level (50 pCi/L) for gross beta activity has not been exceeded

by measured condensate concentrations at the landfill.

Thus/ it may be concluded that the potential exposure to radiologically

contaminated condensate at the Bridgeton Site does not pose a threat to human

health.

As indicated in Table 10, reported analytical results for radon-222 in the second

condensate sample is 244 +/- 123 pCi/L, duplicate is 309 +/- 125 pCi/L, and

equipment blank is 295 +/-126 pCi/L. It can be stated that there appears to be no

significant difference between these concentrations because of the associated

counting errors.

5.3.2.3 Transferable Radiological Contamination

The "frisking" of Site employees for potential radiological contamination, and the

conducting of swipe tests on heavy equipment were intended to evaluate the

presence of transferable contamination, which can be a source of incidental

ingestion of radionuclides. The results of these surveys (Tables 5 and 7) indicate

that transferable contamination is of no major concern. This is not unexpected

because the areas of contaminated materials have been well delineated in previous

investigations (RMC, 1982; NRC, 1988), and the areas of surface contamination are

also small. If personnel and equipment are kept out of Areas 1 and 2, the

possibility of personnel contamination will be expected to be negligible as well.

It should/ however, be noted that the results of the present surveys clearly

indicate that potential transferable contamination at the Bridgeton Site is of no

major health concern.
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533 External Radiation Dose Estimates

Field survey data indicate the radiation levels to which employees may be

exposed. Table 6 presents the results of the Site external gamma radiation

exposure survey, in units of counts per minute (cpm). For the radiation detector

that was used in this survey, these data can be converted to dose rate levels (in

mrem/hr) by dividing by a conversion factor [200,000 cpm/(mrem/hr)]. Therefore,

the maximum detected dose rate (62,400 cpm at Point 16) is 0.3 mrem/hr. Natural

background radiation levels at the Site are approximately 0.01 to 0.02 mrem/hr

(2,000 to 4,000 cpm). It is important to note that this background dose rate is

consistent with natural external background radiation in the United States (EPA,

1981). Only Points 15, 16, and 17 (located across the access road from the Site

offices) indicate gamma levels above background (Table 6). This is, however,

consistent with the NRC report (1988), which states that only two small regions in

Area 1 showed elevated external radiation levels, with both areas located near the

access road across from the Site offices.

The NRC has recently conducted surveys within Areas 1 and 2 (Lambert, 1992 and

1993). The results of these surveys indicate that the dose rate in Area 1 ranges

from 0.015 to 0.030 mrem/hr, while the average dose rate in Area 2 is 0.10 mrem/hr.

The basic dose limit for the public as recommended by the NCRP (1993) is 100

mrem/yr (continuous exposure) and 500 mrem/yr (infrequent exposure). This

recommendation is similar to the standards set by the NRC (10 CFR 20) and DOE

(Order 5400.5) for protection of the public. Because of the infrequent exposure in

the gamma-contaminated portions of Area 1, the higher of these two limits (500

mrem/yr) is applicable.
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Thus, the detected maximum gamma dose rate of 0.03 mrem/hr, which is orders

of magnitude below recommended exposure limit, suggests that potential

external gamma radiation dose is of no health concern at the Site.

Elevated radiation levels generally indicate that contaminated materials are close

to the ground surface. It should be noted that photons (i.e., gamma and X-rays)

can impart a radiation dose to internal organs even when the radioactive materials

which emit them are outside of the body. However, by maintaining a sufficient

distance or shielding from photon-emitting radionuclides, one can significantly

reduce or eliminate the potential dose associated with this exposure pathway.

The results of the radiation dosimetry for measurements obtained during mowing

activities at the grounds adjoining Area 1 of the West Lake Landfill were reported

to be below the detection limit of the dosimeter (i.e., <10 mrem). This suggests

that, during the approximately seven hours that the dosimeter was worn, an

external gamma radiation exposure was not detected at the Site.

Therefore, in view of the short frequency of exposure during the performance of

mowing activities in this area, the potential exposure to adverse levels of gamma

radiation is not expected to be of concern at the Bridgeton Landfill.
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6.0 CONCLUSIONS

The results of the comprehensive environmental media investigation conducted

at the Bridgeton Sanitary Landfill were used to evaluate specific areas which

appear to have been impacted by the low-level radioactive wastes deposited in

Areas 1 and 2 of the adjacent West Lake Landfill. Elevated radon-222 and gamma

radiation levels are mainly at the LFG collection wells located in the northeast

portion of the Site, and in the area of the office building situated immediately west

of Area 1.

First, the results of the potential health impact assessment at the Site indicate that

recent measurements of radon daughter products, to which on-site workers may

be potentially exposed via inhalation, are nearly 10 times below the recommended

EPA regulatory limit of 0.03 WL for indoor exposure. Furthermore, the results of

modeled radon gas emissions in flares at the Site indicate that worst-case one-hour

concentrations that are three orders of magnitude below the EPA's recommended

4 pCi/L annual average level for homes. Thus, radon gas emissions do not pose

a potential threat to Site workers, the general public, or the environment.

Second, although leachate and/or condensate are not ingested at the Site, the

potential ingestion of leachate- or condensate-contaminated water by on-site

workers was evaluated in this assessment as a worst case exposure scenario. The

maximum detected radionuclide concentrations in leachate or condensate samples

were found to be less than the EPA proposed maximum contaminant levels (MCL)

of 300 pCi/L (radon-222) and 20 pCi/L (radium-226) for drinking water.

Furthermore, the detected concentrations in leachate samples were also well below

the Metropolitan Sewer District recommended average monthly discharge limit of

600 pCi/L for radium-226.
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Third, the results of swipe tests in both office buildings and on heavy equipment

at the Site indicate that the incidental ingestion of transferable contamination is

not a viable exposure route.

Fourth, the results of the radiation dosimetry for mowing activities at the

Bridgeton Site suggest that the potential exposure to adverse levels of gamma

radiation should not be of concern. The natural background gamma levels at the

Site were found to be generally consistent with natural external background levels

in the United States. That is, at points where gamma levels exceeded background,

the detected maximum gamma dose rate of 0.03 mrem/hr would result in an

annual potential dose to Site workers orders of magnitude below the

recommended exposure limit of 500 mrem/yr (infrequent exposure) for the general

public.

Colder Associates



October 1993 -45- 923-6114

7.0 RECOMMENDATIONS

Based on the results of the health impact assessment, an extensive ambient air

monitoring program and personnel monitoring program equivalent to that

required for radiation workers (e.g., periodic whole body counts or personnel

radiation exposure dosimetry) is not required at the Bridgeton Sanitary Landfill.

However, the following recommendations have been made:

• A limited environmental media investigation should be conducted
annually to identify any changes in Site conditions, and any
variances from the findings of this report. Such an investigation will
also aid in the delineation of the related influences, and extent of
potential contamination from the adjacent radioactive depositories
at the West Lake Landfill.

• Because the present study is limited to the evaluation of potential
radiological contamination, it would be appropriate to evaluate the
potential health impact on workers for potential exposure to
chemical constituents at the Bridgeton Sanitary Landfill.

COLDER ASSOCIATES INC.

"emfr-Adeshina, Ph.D.
Senior Toxicologist/Project Manager

Geoff>%_R^orrest, C.P. Eng.
Associate

Z:OCTFNLTX
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TABLE 1
BRIDGETON LANDFILL HEALTH ASSESSMENT

SAMPLING POINT COORDINATES

Probe #

1
2
3
4
5
6
7
8
9

10
11

12
13
14
15
16
17

18
19
20

21
22

23
24
25

Northing

1,068,978
1,068,905

1,068,845
1,068,728
1,068,770
1,068,745
1,069,060
1,069,140
1,068,950

1,068,865
1,068,961

1,068,850

1,068,932
1,068,832
1,069,300
1,069,361
1,069,230
1,069,160
1,069,420
1,069,180

1,069,980
1,070,100

1,070,250
1,070,410
1,070,550

"Easting

516,898
516,734
516,652
516,035
516,448

516,312
516,838
516,780
516,140
516,470
516,490

516,390
516,330
516,259
516,030
516,110

515,955
515,885

516,195
515,945

515,065
515,185

515,310
515,435
515,550
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TABLE 2

BRIDGETON LANDFILL HEALTH ASSESSMENT

SUMMARY OF FIELD DATA

MARCH 10-11, 1993

Sample Location Water Pressure
(inches WC)

P-l +6.0
P-2 -0.13
P-3 -3.7
P-4 -0.13
P-5 -0.06
P-6 -0.08
P-7 NA
P-8 0
P-9 -0.04
P-10 0
P-ll 0
P-12 NA
P-13 +7.4
P-14 +1.7
P-15 +0.12
P-l 6 -0.07
P-17
P-18 0
P-19 0
P-20
P-21
P-22
P-23
P-24
P-25
P-26
P-27
P-28
P-29
W-l -2.25
W-2 -3.35
W-3 -3.6
W-4 -3.65
W-5 -4.0
W-6
W-7
W-8 -6.1
W-9 -7.4
W-10

Methane
(% LEL)

5
21
43
31
36
27
20
10
43
25
29
40
43
43
50
50

-
25
39

-
-
-
-
-
-
-
-
-
-

40
45
36
42
42

-
-

32
40

—

Oxygen
(%Vol)

NA
0.4
0.1
0.8
6.4
1.8
5.4
7.4

0
3.4
0.1
2.7

NA
1.9
0.1
0.7

-
6.5

13.7
-
-
-
-
-
-
-
-
-
-

0.5
NA

1.4
NA

0.2
-
-

NA
0.2

—

Hydrogen Sulfide
(ppm)
NA

2
4
6

15
0

45
2

NA
0
4
9

NA
15
0
0

-
1

26
-
-
-
-
-
-
-
-
-
-

1
NA

10
NA

10
-
-

NA
9

—

Radon-222
(pCi/L)

-
44.5
17.5

-
1770
73.5
933
316
185

72.4
160
379

52.4
NA
-

750
1050

-
997

NA
-
-
-
-
-
-
-
-
-

218
245
158
196
130

-
-
-
-
-

Average Gamma
(CPM)

3,720
4,080
3,780
3,660
3,900
3,720
3,480
3,480
3,840
3,960
3,540
4,080
3,900
4,200

11,700
43,200
12,000
4,200
3,300
4,680
2,300
2,100
2,500
2,400
2,300
2,000
8,500
1,000
2,100
3,780
3,660
3,780
3,600
3,960

-
-

3,780
3,480
3,420

NOTES:
P-l
W-l
WC
% LEL
ppm
pCi/L
CPM
NA

Probe Number
Well Extraction Number
Water Column
Percent Lower Explosive Limit
Parts per Million
Picocuries per Liter
Counts Per Minute
Not Analyzed
Sample not taken
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TABLE 3
BRIDGETON LANDFILL HEALTH ASSESSMENT

RADON CONCENTRATIONS IN THE LANDFILL FLARE GASES

Location

Main Flare

Auxiliary Flare

Hole Flare

Ambient Air

Sample
Identification
Number

Fl

F2

F3

FS1

FS2

FS3

HF1

HF2

HF3

Concentration
(pCi/L)

166

181

172

157

171

64.5

66

70.6

71.5

5.9

Average
Concentration at
Each Sampling
Location (pCi/L)

173

131

69
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TABLE 4
BRIDGETON LANDFILL HEALTH ASSESSMENT

RADON DAUGHTER PRODUCTS MEASUREMENTS USING
THOMSON & NIELSON RADON WORKING LEVEL METERS

Date

3/10/93

3/1 V93

3/10/93 to
3/11/93

3/10/93 to
3/11/93

3/11/93

3/11/93

3/1 V93 to
3/12/93

3/11/93 to
3/12/93

Time
(initial/

final)

08:50
16:30

09:10
16:32

17:00
07:10

17:03
07:12

08:08
16:20

08:35
11:00

11:30
16:46

17:24
07:32

17:26
07:32

Sampling
Time (Ts)

(hr)

7.67

7.36

14.17

14.15

8.20

2.42

5.27

14.13

14.10

Location

Chevy Pickup-Tim's Truck

Rex 370A Compactor

Mechanics Office Main
Building

Employee Breakroom
Main Building

Scale House

Rex Compactor

Westlake Mechanics Shop

Westlake Mechanics Shop

Instrument
Identification

Number

8704-61

9808-381

8704-61

8908-381

8908-381

8704-61

8704-61

8908-381

Final
Reading1

(alpha
counts)

31

21

315

230

6

2

12

76

71

Working Level

mWL

0.69

0.43

3.7

2.34

0.11

0.17

0.40

0.89

0.73

WL

0.00069

0.00043

0.0037

0.0023

0.00011

0.00017

0.0004

0.00089

0.00073

Comments

j w

Air monitored overnight

Air monitored overnight

Temperature 28°C, winds 17
mph

Instrument accidently turned
off. Filter was changed and
monitoring reinitiated I

Instrument was placed on a
workbench in main portion of
building and operated
overnight

Instrument placed on a desk
located in the main floor small
office and operated overnight

ft
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TABLE 4
BRIDGETON LANDFILL HEALTH ASSESSMENT

RADON DAUGHTER PRODUCTS MEASUREMENTS USING
THOMSON & NIELSON RADON WORKING LEVEL METERS

Date

3/12/93

3/12/93

Time
(initial/

final)

07:55
14:53

08:05
15:35

Sampling
Time (Ts)

(hr)

6.97

7.50

Initial instrument reading was z
Shutdown time is estimated.
Note: Milli working level calcula

where Ts is Sampling time [Tina

CF is the conversion factor supp
and CF for instrument 8908-381 i

Location

Main Office Building

D-8 Cat

ero for all measurements,

ited using "Alpha Counts"
[(Ts - 0.5) x CF]

1 Time" - "Initial Time"]

lied with each instrument ur
s7.2.

Instrument
Identification

Number

8908-381

8704-061

Final
Reading1

(alpha
counts)

220

4

Working Level

mWL

4.7

0.091

WL

0.0047

0.00009

Comments

Located on floor underneath J
the drafting table ^

The CAT was orginally
operating at the demolition
dump but was later relocated to
the active sanitary landfill
operation

as specified by instrument manufacturers,

lits are CPH/mWL for 1 L/m sampling rate. CF for instrument 8704-061 is 6.3 J
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BRIDG1
TABLE 5

GETON LANDFILL HEALTH ASSESSMENT
EMPLOYEE RADIOLOGICAL SURVEY

;ESSME

Employee
Beginning of Shift1

Average
Count Rate

(CPM)

Peak Count
(CPM)

End of Shift2

Average
Count Rate

(CPM)

Peak Count
(CPM)

March 11, 1993

Employee #13

Employee #23

Employee #33

Employee #43

Employee #53

Employee #64

Employee #73

Employee #83

Employee #96

30s

30s

30s

30s

30s

30s

30s

30s

40s

52

77

78

98

84

84

52

92

90

30s

45

40s

40s

50s

35

45

_5

-

79

89

80

72

75

86

94

_5

-

March 12, 1993

Employee #10

Employee #117

Employee #127

Employee #137

Employee #147

Employee #157

Employee #169

45

40

35

32

40
_8

42

93

99

94

80

90
_8

81

42

42

28

45

38

38

-

92

72

80

71

60

102

-

*A few employees were already wearing work clothes when surveyed.
^Employees surveyed after end of work shift still wearing their work clothes.
3Employees surveyed at 07:30 hrs. and around 16:30 hrs.
4Employee was surveyed after having worked onsite for a couple of hours.
5Employee was not surveyed at end of work shift.
6Room background based on surveys of various locations within the mechanics office.
7Employee initially surveyed at shift start between 03:30 and 05:30 hrs., and between
12:30 to 13:15 hrs. at end of work shift.
8Employee was not surveyed at beginning of work shift.
9Room background based on surveys of various locations within the breakroom.
Note: Instrument used - Eberline ESP-1 rate meter and HP-260 GM (Pancake) probe.

Measurements taken with probe between 0.5"-1" from clothing surface.
CPM - Counts Per Minute.
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TABLE 6
BRIDGETON LANDFILL HEALTH ASSESSMENT

GAMMA SURFACE MEASUREMENTS

LOCATION

Control Panel at Main Flare

Header Main Flare

Point 1

Point 2

Point 3

Point 4

Point 5

Point 6

Point 7

Point 8

Point 9

Point 10

Point 11

Point 12

Point 13

Point 14

Point 15

Point 16

Point 17

Point 18

Point 19

Point 20

Welll

Well 2

WellS

AVERAGE
(CPM)

3,300

3,600

3,720

4,080

3,780

3,660

3,900

3,720

3,480

3,480

3,840

3,960

3,540

4,080

3,900

4,200

11,700

43,200

12,000

4,200

3,300

4,680

3,780

3,660

3,780

MAXIMUM
(CPM)

4,140

4,020

4,560

4,260

4,620

4,320

4,380

7,680

4,740

4,260

4,560

4,800

4,140

8,640

7,020

5,700

19,020

62,400

17,040

5,400

4,260

7,200

4,860

4,320

5,940
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TABLE 6
BRIDGETON LANDFILL HEALTH ASSESSMENT

GAMMA SURFACE MEASUREMENTS (cont.)

LOCATION

Well 4

WellS

WellS

Well 9

Well 10

NW Corner of Area 1

Main gate

Westlake Mech Bldg. - SE exterior

Westlake Mech Bldg. - SW exterior

Westlake Mech Bldg. - NW exterior

Westlake Mech Bldg. - NE exterior

Blue & White Bldg. - SE exterior

Blue & White Bldg. - SW exterior

Blue & White Bldg. - NW exterior

Blue & White Bldg. - NE exterior

Adjacent to Area 2 - Point 21

Adjacent to Area 2 - Point 22

Adjacent to Area 2 - Point 23

Adjacent to Area 2 - Point 24

Adjacent to Area 2 - Point 25

Adjacent to Area 2 - Point 26

Adjacent to Area 2 - Point 27

Adjacent to Area 2 - Point 28

Adjacent to Area 2 - Point 29

Lagoon control panel area

Lagoon-dock approach

AVERAGE
(CPM)

3,600

3,960

3,780

3,480

3,420

4,020

2,160

1,500

1,200

1,100

1,000

1,500

1,400

1,500

1,700

2,300

2,100

2,500

2,400

2,300

2,000

8,500

1,000

2,100

1,800

1,800

MAXIMUM
(CPM)

4,440

5,640

5,520

4,200

4,980

4,380

2,820

2,000

1,400

1,300

1,200

1,900

1,800

1,800

2,000

2,800

2,300

2,800

2,700

2,500

2,500

20,000

2,000

2,400

1,900

2,200
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TABLE 6
BRIDGETON LANDFILL HEALTH ASSESSMENT

GAMMA SURFACE MEASUREMENTS (cont.)

LOCATION

Lagoon-dock

Lagoon-north bank

Lagoon-south bank

Lagoon-east bank

Lagoon-west bank

Lagoon-boat

Background level measured
approximately 5 miles from landfill

AVERAGE
(CPM)

700

1,900

2,000

1,950

1,900

1,900

2,300

MAXIMUM
(CPM)

900

2,200

2,200

2,200

2,200

2,200

2,300

CPM - Counts per Minute
Note: Instrument used was an Eberline ESP-1 and gamma scintillation
probe. Readings taken with probe held between 6" and 18" above soil
surface.
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TABLE 7
BRIDGETON LANDFILL HEALTH ASSESSMENT

DETERMINATION OF TRANSFERABLE CONTAMINATION

LOCATION

Locker Room, Locker #22

Main Office, Floor Underneath Desk

Office Computer Desk

Lunch Room, Table

C-10 Pickup

Office Building, SE Corner, exterior

Laidlaw Fuel Truck, Top of Fender, Front Left,
Id #144427

Laidlaw Waste Oil Truck, Top of Fender, Left Front

Laidlaw Mechanics Truck, Top of Fender, Left Front

Laidlaw CASE Mini-Front End Loader, Left Front
Frame Member

REX, Interior, Top of Panel

REX, Exterior, Door

CAT #973, Adjacent to Lift Controls

Westlake Mechanic's Shop, Interior, Top of Metal
Locker Door

DYNAPAC CA15, Top of Instrument Panel

Guard Shack, Exterior, SW Corner

Stake 15, Located Parallel to Area 1 Boundary

Background (Mechanic's Office Desk)

ALPHA COUNT
EVENTS

(Count time is 30 sec.)

4

5

0

0

0

4

0

0

0

1

0

1

2

0

0

2

5

0

Note: Wipe samples represent amount of transferable contamination per 100
cm area. Samples monitored using an ESP-1 rate meter and alpha
scintillation probe.
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TABLE 8A
BRIDGETON LANDFILL HEALTH ASSESSMENT

RADIOACTIVE PARTICIPATE MEASUREMENTS FOR
WORKER EXPOSURE DURING MOWING ACTIVITY

Analyte

Gross Alpha, total

Gross Alpha, total
error, +/-

Gross Alpha, total
lower level of detection

Gross Beta, total

Gross Beta, total
error, +/-

Gross Beta, total
lower level of detection

Concentration (pCi/L)

0.2

0.5

0.8

0.5

0.9

1.5

TABLE 8B
BRIDGETON LANDFILL HEALTH ASSESSMENT

GAMMA RADIATION EXPOSURE TO
WORKER DURING MOWING ACTIVITY

Date

8/19/93

8/27/93

9/7/93

9/10/93

Time

1:05 to 4:00 pm

2:50 to 4:15 pm

3:50 to 4:50 pm

3:45 to 5:10 pm

Location

Outside of the monitoring
area for approximately 15
minutes.

Area adjacent to Area 1
(using "brush hog").

Area adjacent to Area 1
(using "brush hog").

Area adjacent to Area 1
(using "brush hog").

Results

Gamma
Radiation Not
Detected at
Dosimeter
Detection Limit
of <10 mrem
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TABLE 9
BRIDGETON LANDFILL HEALTH ASSESSMENT

LEACHATE SAMPLING RESULTS

Sample
Number

Al-A

Al-Duplicate

Al-B

Equipment
Blank

2A-1,2,3

Equipment
Blank

2A-1,2,3

Equipment
Blank

2A-1,2,3

Equipment
Blank

Analyte

Radon-222

Radon-222

Radon-222

Radon-222

Gross Alpha

Gross Alpha

Gross Beta

Gross Beta

Radium-226

Radium-226

Concentration
(pCi/L)

240

284

266

Below detection
limit (206 pCi/L)

Below detection
limit (19.3 pCVL)

Below detection
limit (2.0 pCi/L)

84.7

4.8

1.4

Below detection
limit (0.6 pCi/L)
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TABLE 10
BRIDGETON LANDFILL HEALTH ASSESSMENT

CONDENSATE SAMPLING RESULTS

Analyte Sample Duplicate
Equipment

Blank Concentration

First Condensate Sample

Gross alpha

Gross alpha,
error, +/-

Gross alpha
detection limit

Gross beta

Gross beta
error, +/-

Gross beta
detection limit

Radium-226

Radium-226
error, +/-

Radium-226
detection limit

3.6

2.6

3.3

10.1

2.4

3.0

0.4

0.5

0.8

Not Detected

2.4

3.2

5.4

2.1

2.9

Not Detected

0.5

0.8

Not Detected

1.0

1.6

1.1

Not Detected

2.5

Not Detected

0.3

0.5

pCVL

pCi/L

pea

pCi/L

pCi/L

pCi/L

pCi/L

pCVL

pCVL

Second Condensate Sample

Radon-222

Radon-222
error, +/-

Radon-222
detection limit

224

123

197

309

125

198

295

126

200

pCi/L

pCVL

pCi/L
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TABLE 11
BRIDGETON LANDFILL HEALTH ASSESSMENT

WIND SPEED AND STABILITY CLASS COMBINATIONS
USED IN THE SCREEN EXPOSURE MODEL

Stability Class

A
B
C
D
E
F (rural only)

10-meter Wind Speed
(m/s)

1 2 3 4 5 8 10 15 20

* * *
* * * * *

* * * * *
* * * *
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TABLE 12
BRIDGETON LANDFILL HEALTH ASSESSMENT

MAXIMUM HOURLY RADON GAS CONCENTRATIONS AND DOWNWIND
DISTANCES OBTAINED FROM THE SCREEN EXPOSURE MODEL

Main Flare (simple terrain)

12" Aux. Flare (simple terrain)

12" Aux. Flare (elevated terrain)

8" Utility Flare (simple terrain)

8" Utility Flare (complex terrain)

Maximum 1-Hour Cone.
(PCi/L)

0.92 x lO"3

0.133 x 10'2

0.178 x 10'2

0.116 x 10'2

0.163 xlO'2*

Downwind Distance
to Maximum (Meters)

233

150

129

194

150

'Maximum 24-hour average concentration at point of plume impaction on edge of cliff.
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October 1993 A-l 923-6114

APPENDIX A

REVIEW OF REGULATORY STANDARDS AND GUIDELINES
FOR RADIOLOGICAL EXPOSURES

A review of pertinent regulatory standards and guidelines for occupational and
public exposure to radioactive materials was conducted. Some of these regulations
and guidelines may be applied to the operations at the Laidlaw Waste Systems
landfill.

Existing regulations and guidance for allowable exposure levels for radon gas,
radon decay products and ionizing radiation were reviewed. The following
regulations and guidance documents were reviewed:

National Council on Radiation Protection and Measurements -
Recommendations on Limits for Exposure to Ionizing Radiation

29 CFR 1910 Occupational Safety and Health Standards

10 CFR 20 Standards for Protection Against Radiation

Department of Energy Order 5400.5 - Radiation Protection of the Public and
the Environment

40 CFR 192 Health and Environmental Protection Standards for Uranium
and Thorium Mill Tailings

40 CFR 141 National Primary Drinking Water Standards

40 CFR 61 National Emission Standards for Hazardous Air Pollutants

30 CFR 57 Safety and Health Standards - Underground Metal and
Nonmetal Mines

Summary of Regulations and Guidelines

National Council on Radiation Protection and Measurements - Recommendations
on Limits for Exposure to Ionizing Radiation

For public exposures from man-made sources, excluding medical and natural
background, the NCRP recommends an annual effective dose equivalent of less
than 100 mrems. The NCRP recommends that remedial action level for exposure
to radon and radon decay products (radon daughter products) should be less than
the equivalent of 2 Working Level Months (WLM). One WLM is defined as an
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October 1993 A-2 923-6114

average concentration of 4 pCi/L of radon if the radon decay products are in 50%
equilibrium with the radon gas, for a period of 170 hours. Working Level (WL)
is a commonly used unit of exposure and it refers to the concentration of radon
decay products that emit a specific quantity of ionizing radiation when radon
daughter products decay.

29 CFR 1910 Occupational Safety and Health Standards

Subpart G of Occupational Health and Environmental Control, Section 1910.96,
stipulates ionizing radiation guidelines similar to standards presented in 10 CFR
20. The regulations under this standard establish exposure levels for restricted
areas which may not exceed the following levels:

1) 1.25 rems per calendar quarter to the whole body
2) 18.75 rems per calendar quarter to the hand, forearms, feet and

ankles
3) 75 rems per calendar quarter to the skin of the whole body

Restricted is defined as any area where access is restricted by the employer for the
purpose of protecting employees from exposure to radiation. Under these
guidelines exposure to an individual does not take into consideration protective
clothing, equipment or particle size. The above doses may only be exceeded if the
dose to the whole body does not exceed 3 rems in any calendar quarter, and the
dose to the whole body when added to the accumulated dose does not exceed 5
rems multiplied by the individuals age minus 18. The employer is required to
maintain past and current exposure records to show that doses do not exceed the
limit. Calendar quarter is defined as any three month period consisting of 13
consecutive calendar weeks.

The guidelines also stipulate that no employer shall possess, use or transport
radioactive material that causes any employee, within a restricted area, to be
exposed to airborne radioactive material in average concentrations in excess of the
limits established under 10 CFR 20, Table 1 of Appendix B. This applies
specifically to employees who are over 18 years of age. The limits established
under 10 CFR 20, Table 2 of Appendix B apply to individuals who are less than
18 years of age. The limits given in Table 1 are for exposure to the concentrations
specified for 40 hours in any work week of seven consecutive days. For
individuals under 18 years of age, concentrations may not be averaged over any
period greater than one week. Airborne radon-222 concentrations presented in 10
CFR 20, Tables 1 and 2 of Appendix B are:

• Radon-222 in Table 1, column 1 is 3xlO"8 uCi/mL. The regulatory
standard states that a value of 0.33 WL may be substituted.
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October 1993 A-3 923-6114

• Radon-222 exposure limit for individuals under the age of 18 as
defined in Table 2 of Appendix B is 3xlO'9 uCi/mL. An alternate
value of 0.033 WL may, however, be used.

All employers are required to inform employees working regularly or frequently
in any portion of a radiation area of the occurrence of radioactive materials, and
also inform employees of safety problems associated with exposure. The employer
must inform the employee of precautions and personal protection equipment
available to minimize exposure, and shall have available, upon request, copies of
these regulations along with operating procedures. Employers shall maintain
records for employees that are exposed above 25 % of the applicable allowable
values for adults. They are also required to maintain records for minors exposed
in excess of 5 % of the above noted limits. Employers shall also advise employees
of their exposure rate annually.

10 CFR 20 Standards for Protection Against Radiation

This regulation establishes standards for protection against radiation that may
result from occupational exposure at facilities licensed by the Nuclear Regulatory
Commission (NRC). This standard does not regulate facilities that are not licensed
by the NRC.

Permissible doses, levels, and concentrations are established in Section 20.101 for
individuals in restricted areas. Restricted areas means any area where access is
restricted by the NRC licensee for the purpose of protection of individuals from
exposure to radiation. NRC licensed users of radioactive material shall not allow
any individual in a restricted area to receive in any period of one calendar quarter
a total occupational dose in excess of:

1) 1.25 rems to the whole body; head and trunk; active blood forming
organs; lens of the eyes; or gonads

2) 18.75 rems to the hands, forearms, feet and ankles
3) 75 rems to the skin of the whole body

During a calendar quarter the whole body dose shall not exceed 3 rems,
and the dose to the whole body when added to the accumulated dose shall
not exceed 5 rems multiplied by the individuals age minus 18.

Section 20.103, sets limits for exposure that individuals may receive from
concentrations of radioactive materials in air, in restricted areas. NRC licensed
users may not allow any individual to inhale a quantity of radioactive radon-222
over the period of one calendar year in excess of the level identified in Appendix
B, Table 1, Column 1. The value for radon-222 is 3xlO'8 uCi/mL. The standard
states that a value of 0.33 WL may be substituted. When assessment of an
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individuals intake is necessary, intakes less than those that would result from
inhalation for 2 hours in any one day or for 10 hours in any one week at uniform
concentrations specified in Table 1, Column 1 of Appendix B need not be included
in such assessment, provided that any assessment of exposure in excess of these
amounts, the entire duration and quantity of exposure is included.

NRC licensees, as a precautionary procedure shall implement process or
engineering controls, to the extent practicable to limit concentrations of radon-222
to 3x10"* uCi/mL in any room. This exposure level applies also to enclosed or
operating area, or when averaged over the number of hours in one week during
which individuals are present. Further, the concentrations shall not exceed 25%
of the radon-222 level of 3xlO'8 uCi/mL established in Table 1, Column 1, Appendix
B.

Section 20.105 sets permissible exposure levels of radiation in unrestricted areas
that members of the public may receive as a result of exposure to radioactive
material. The standard states that no individual shall receive radiation levels in
excess of 05 rem over any period of one calendar year; 2 mrems in any one hour
if the individual were continuously present; or if the individual were continuously
present, would result in receiving an exposure in excess of 100 mrems in any seven
consecutive days.

Section 20.106 sets radioactivity levels in effluent released into areas accessible to
members of the public. NRC licensees shall not allow the release of radioactive
radon-222 to unrestricted areas in excess of 3 pCi/L as defined in Table 2, Column
2, of Appendix B, averaged over a period of not greater than one year. An
alternate value of 0.033 WL may be used. These concentration limits apply at the
point where the radioactive material discharges from a vent or stack. If the stack
discharges in a restricted area the concentration may be measured at the area
boundary.

Department of Energy Order 5400.5 - Radiation Protection of the Public and the
Environment

The Department of Energy (DOE) has established a system of "Orders" to insure
compliance with federal regulations. DOE Order 5400.5 establishes maximum
allowable exposures that any member of the public may receive as a result of DOE
activities. The DOE order incorporates most of the cleanup and control standards
established under EPA's 40 CFR 192 regulations.

The DOE limits are based on a maximum allowable effective dose equivalent of
100 mrems per year. The DOE Order establishes the allowable exposure to
members of the public from airborne emissions that result from DOE activities to
be less than 10 mrems. This level is established by EPA regulation under the

Colder Associates
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Clean Air Act in 40 CFR 61, Subpart H. The order establishes limits for radon and
its decay products in terms of concentrations Working Levels. The allowable
airborne concentration is set at 3 pCi/L. The standard for airborne radon decay
products is 0.02 WL in any habitable structure. However, in any case the radon
decay product concentration shall not exceed 0.03 WL.

40 CFR 192 Health and Environmental Protection Standards for Uranium and
Thorium Mill Tailings

Standards for the Control of Residual Materials from Inactive Uranium Processing
Sites, Subpart A, requires that residual radioactive material in tailings piles or
stabilized tailings be controlled in a way that provides protection from health
hazards associated with uranium tailings. This section specifies that control be
effective for up to 1,000 years, to the extent achievable, and in any case no less
than 200 years. Control measures are to provide reasonable assurance that releases
of residual radioactive material to the atmosphere shall not exceed an average
release rate of 20 pCi/m2/sec. Releases of radon-222 shall not cause the radon-222
concentration in ambient to increase greater than 0.5 pCi/L.

Subpart B, Standards for Cleanup of Land and Buildings Contaminated with
Residual Materials from Inactive Uranium Processing Sites, applies to land and
structures that are part of any site containing residual radioactive materials.
Remedial actions at inactive uranium processing sites shall attain to the extent
practicable, indoor radon-222 concentrations in any building of less than 0.02 WL,
and at no time exceed 0.03 WL. The standard also specifies that indoor gamma
radiation shall be less than 20 micro R/hr above background. Cleanup of land
surface over any area greater than 100 square meters shall not exceed 5 pCi/g of
radium-226 averaged over the first 15 cm of soil below the surface, and 15 pCi/g
averaged over 15 cm thick layers below the surface.

40 CFR 141 National Primary Drinking Water Standards

The requirements of the National Primary Drinking Water Standards establish
maximum contaminant levels (MCL) allowed in drinking water, as measured at
the tap. Current and proposed maximum contaminant levels established for
specific radionuclides are presented below:

Radon-222 An MCL has not been established; however, an MCL of 300
pCi/L has been proposed.

Radium-226 The current MCL is 5 pCi/L for a combination of radium-226
and radium-228. An MCL of 20 pCi/L has been proposed for radium-226.

Colder Associates
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Gross Alpha Activity The current MCL for gross alpha activity is set at 15
pCi/L. A proposed MCL is based on an adjusted gross alpha activity and
is set at 15 pCi/L.

Gross Beta Activity The average annual concentration in drinking water
shall not produce an annual dose equivalent to the body greater than 4
mrems per year. A proposed MCL of 4 mrems effective dose equivalent per
year has been published.

40 CFR 61 National Emission Standards for Hazardous Air Pollutants

The National Emissions Standards for Hazardous Air Pollutants (NESHAPS)
establishes standards for the emission of radionuclides including radon. Subpart
B establishes annual radon emission limits to the ambient air at levels that would
not result in any member of the public from receiving an annual effective dose
equivalent of 10 mrems. Subpart Q sets emission limits for radon resulting from
Department of Energy facilities. Subpart T sets emission standards for releases of
radon resulting from the disposal of uranium mill tailings and Subpart W sets
emission standards from operating uranium mill tailings. Subparts Q, T, and W
have established the same limit of 20 pCi/m2/s.

30 CFR 57 Safety and Health Standards - Underground Metal and Nonmetal
Mines

These regulations address ionizing radiation, including radon decay products and
gamma radiation. Air Quality, Radiation, and Physical Agents - Radiation for
Underground Mines, Subpart D, specifies that exhaust air from mining operations
must be sampled to determine radon daughter concentrations. If radon daughter
concentrations in excess of 0.1 WL are found in the exhaust air sample, the
employer shall monitor the employee breathing zone for radon decay
concentrations every two weeks at random times in all active areas. Where
uranium is not mined, the workers breathing zone must be monitored at least
every three months until radon decay product concentrations are below 0.1 WL.

Annual exposure limits are not to exceed 4 WLM for any individual, and at no
time shall any active worker be exposed above the maximum permissible
concentration of 1 WL, unless proper respiratory protection, as defined in the
standard, is being used. Areas where radon decay product concentrations exceed
1 WL shall be restricted to authorized personnel only.

Z:APXADOCT/DRS
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4104 148th AVENUE NE REDMOND

STATE

ttt

COWWY IIP COM

98052

PAGE:1



Western Atlas
International

A L<rr 'Drill Cornptny

L A B O R A T O R Y T E S T S R E S U L T S
03/18/93

(JOB HJNBERs 930407 ::CUSTONER:I;-80LOER ASSOCIATES ANGELOS;

.; IANPLE MMBER: 1 DATE RECEIVED: 03/11/93 TINE RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SAMPLE TINE: 09:15

'(PROJECT: A1-A BRIDGETON.923-6114.002 SAMPLE: A1-A MIDGETON,H20 LEACHATE REM: HATER

AMPLE NUMBER: 2 DATE RECEIVED: 03/11/93 TINE RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SAMPLE TINE: 09:15

(PROJECT:
I

§RIDGETON,923-6114.002 SAMPLE: A1-DUP BRIDGETON.H20 LEACHATE REN: UATER

I AMPLE NUMBER: 3 DATE RECEIVED: 03/11/93 TINE RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SAMPLE TINE: 09:15

(PROJECT: A1-B BRIDGETON,923-61U.002 SAMPLE: A1-B BRIDGETON,H20 LEACHATE REM: UATER

AMPLE NUMBER: 4 DATE RECEIVED: 03/11/93 TINE RECEIVED: 09:20

(PROJECT: EQUIPMENT BLANic.923-6iu.oo2 SAMPLE: EQUIPMENT BLANK

SAMPLE DATE: 03/10/93 SAMPLE TINE: 09:10

REM: UATER

IoAMPLE NUMBER: 5 DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SAMPLE TIME: 12:10

"ROJECT: F1.923-6114 SAMPLE: F1 REM: GAS

NUMBER: 6 DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SAMPLE TINE: 12:15

rCT: f 2,923-61 U SAMPLE: F2 REM: GAS

ITEST OtSCRlPttCW SAMPLE T l̂ SAMPLED* SAMPLE • SAMPLE':MJ5 SAMPLE "•!••;•* UNITS or MEASURE:
.' adon 222

'iRadon 222 error, +/-

•don 222 LLO

240

129

203

284

131

204

266

130

205

173

129

206

166

3.6

0.9

181

3.8

0.9

pCI/l

pCI/l

pCi/l

420 West First Street
Casper, WY 82601
(307) 235-5741
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:̂NUiWEjRi-':(:$30̂

SAMPLE NUMBER: 7 DATE RECEIVED: 03/11/93 TINE RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SAMPLE TINE: 12:23

PROJECT: F3.923-61U SAMPLE: F3 REN: GAS

•AMPLE NUMBER: 6 DATE RECEIVED: 03/11/93 TINE RECEIVED: 09:20

(PROJECT: FIELD BLANK,923-61u SAMPLE: FIELD BLANK
SAMPLE DATE: 03/10/93 SAMPLE TINE: 12:00

REN: AMBIENT AIR

SAMPLE NUMBER: 9 DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20

(PROJECT: FS-I.923-61U SAMPLE: FS-1

SAMPLE DATE: 03/10/93 SAMPLE TIME: 13:00

REN: GAS

•AMPLE NUMBER: 10

(PROJECT: FS-2,923-6114

DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20

SAMPLE: FS-2

SAMPLE DATE: 03/10/93

REN: GAS

SAMPLE TINE: 13:05

I
SAMPLE NUMBER: 11 DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20

FS-3.923-6114 SAMPLE: FS-3

SAMPLE DATE: 03/10/93

REN: GAS

SAMPLE TINE: 13:05

liNRE NUMBER: 12 DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20

•ROJECT: 2A-1,2.3;923-6114.002 SAMPLE: 2A-1,2,3

SAMPLE DATE: 03/10/93 SAMPLE TIME: 09:15

REN: WATER

ITESf OESCRI PllOtl SAMPLE SAMPLE:: ; SAMPLE' .x12 UNITS Of MEASURE

; tadon 222

JRadon 222 error. +/-

adon 222 LLD

iiiross Alpha, total

•'".ross Alpha, total, error. */-

ross Alpha, total. LLD

(Gross Beta, total

iross Beta, total, error, «•/-

[Gross Beta, total, LLD

adfun 226, total

iRadfijn 226. total, error. «•/-

adiun 226, total, LLD

172

3.7

0.9

5.9

0.9

0.9

157

3.5

0.9

171

3.7

0.9

64.5

2.3

0.9

5.6

12.3

19.3

84.7

13.7

16.3

1.4

0.6

0.5

pCI/l

pCI/l

pCI/l

pCI/l

PCI/l

pC</l

pCi/l

pCI/l

PC</1

pCI/l

pC</l

pCi/l

420 West First Street
Casper. WY 82601
(307) 235-5741

PACE:3



Western Atlas
International

. 'Otiw Comp*n>
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I JOB NUMBER: <: «30407 iCUSTONER: : fiOLOER; ASSOCIATES AJIGELOS

iAMPLE NUMBER: 13 DATE RECEIVED: 03/11/93 TINE RECEIVED: 09:20

(PROJECT: EQUIPMENT BLANK,923-6iu.oo2 SAMPLE: EQUIPMENT BLANK
I

SAMPLE DATE: 03/10/93 SAMPLE TINE: 09:10

RIM: IMTER

AMPLE NUMBER: U DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

(PROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: HELL 4,LAIDLAW/BRIDGETON LANDFILL/MD REM: LANDFILL CAS

AMPLE NUMBER: 15 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

(PROJECT: 923-61U.2/LAIDLAW/BRIDCETON SAMPLE: POINT 19.LAIDLAW/BRIDGETON LANDFILL/MD REM: LANDFILL GAS

itiAMPLE NUMBER: 16 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

'"ROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: WELL 3.LAIDLAW/BRIDGETON LANDFILL/MD REM: LANDFILL CAS

(SAMPLE NUMBER: 17 DATE RECEIVED: 03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:
ROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: POINT 6,LAIDLAW/BRIDGETON LANDFILL/MD REM: LANDFILL CAS

18 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

'ROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: WELL 5.LAIDLAW/BRIDGETON LANDFILL/MD REM: LANDFILL CAS

ITEST :8EscRipTia» W-y^
:edon 222

IRadon 222 error, */-

'•don 222 LLD

JGross Alpha, total

Toss Alpha, total, error, •»/-

I-roes Alpha, total, LLD, 'iross Beta, total

iross Beta, total, error, */-

(Gross Beta, total, LLD

•dim 226, total

JRadluo 226, total, error, +/-

ediun 226. total, LLD

«*tPLE;|l3

0.1

1.2

2.0

4.8

2.0

2.9

0.2

0.4

0.6

SAMPLE:;.;;:;̂

196

5.5

1.8

SANPLt !>! 15

997

12.2

1.8

SAMPLE:';::v:!16

158

4.9

1.8

SAMPLED

73.5

3.5

1.8

SAMPLE : 18

130

4.5

1.8

UN 1 1$ :'6f .'.MEASURE •••''.>•!? ;i:

pCi/l

pCI/l

pCi/l

pCi/l

pCJ/l

pCI/l

pCi/l

pCI/l

pCI/l

pCI/l

pC«/l

pCi/l

420 West First Street
Casper, WY 82601
(307) 235-5741
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L A B O R A T O R Y T E S T S R E S U L T S
05/18/93

IRJNffiR: ^CUSTOMER:i!.'3MroRJ^^

AMPLE NUMBER: 19 DATE RECEIVED:

(PROJECT: 923-61U.2/LAIDLAU/BRIDGETON

03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: 12:20

SAMPLE: HOLE FLARE 1.LAIDLAV/BR1DGETON LANDFILL/ IEN: LANDFILL GAS

4NPLE NUMBER: 20 DATE RECEIVED:

(PROJECT: 923-6114.2/LAIDLAW/BRIDGETON

03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: 12:20

SAMPLE: HOLE FLARE 2.LAIDLAU/BRIDGETON LANDFILL/ REM: LANDFILL GAS

AMPLE NUMBER: 21 DATE RECEIVED:

(PROJECT: 923-61U.2/LAIDLAU/BRIDGETON

03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TINE: 12:20

SAMPLE: HOLE FLARE 3.LAIDLAU/BRIDGETON LANDFILL/ REM: LANDFILL GAS

I.AMPLE NUMBER: 22 DATE RECEIVED:

•ROJECT: 923-6114.2/LAIDLAH/BRIDGETON

03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

SAMPLE: POINT U.LAIDLAW/BRIDGETON LANDFILL/MO REN: LANDFILL GAS

SAMPLE NUMBER: 23 DATE RECEIVED: 03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

R̂ CT: 923-61 U.2/LAIDLAW/BRIDGETON SAMPLE: POINT 16.LAIDLAW/BRIDGETON LAND FILL/NO REN: LANDFILL GAS

(SAMPLE NUMBER: 24
•ROJECT: 923-6114.2/LAIDLAU/BRIDGETON SAMPLE: POINT 9.LAIDLAU/BRIDGETON LANDF1LL/MD

DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

REM: LANDFILL GAS

(TESTDESCRIPTION SAMPLE:-20 SAMPLE;:!: 21 SAMPLE £22

•don 222

JRadon 222 error, «•/-

•don 222 LLD

66.0

3.3

1.8

70.6

3.4

1.8

71.5

3.4

1.8

N/A

N/A

N/A

750

10.6

1.8

185

5.3

1.8

pCI/l

pCI/l

pCi/I

420 West First Street
Casper, VT 82601
(307) 235-5741
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L A B O R A T O R Y T E S T S
03/18/93

R E S U L T S

-WOW?! stUStOHER":: :i 60LMR ASSOCIATES' I i :ATT«:': 1XENT ?ANGELOS'

SAMPLE NUMBER: 25 DATE RECEIVED: 03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TINE:

[PROJECT: 923-61U.2/LAIDLAW/BRIDGETON SAMPLE: POINT 8.LAIDLAU/BRIDGETON LAMDFILL/ND REN: LANDFILL GAS

SAMPLE NUMBER: 26 DATE RECEIVED: 03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: I

(PROJECT: 923-61 U^/LAIDLAW/BRIDGETOM SAMPLE: POINT IO.LAIDLAU/BRIDGETON LANDFILL/ND REN: LANDFILL GAS

: SAMPLE NUMBER: 27 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: :

PROJECT: 923-61 14.2/LAIDLAU/BR1DGETON SAMPLE: POINT 11.LAIDLAU/BRIDGETON LANDFILL/ND REM: LANDFILL GAS

! SAMPLE NUMBER: 28 DATE RECEIVED: 03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TINE: :

(PROJECT: 923-61U.2/UIDUU/BRIDCETON SAMPLE: POINT 7.LAIDLAW/BRIDGETON LANDFILL/ND REN: LANDFILL GAS

iSAMPLE NUMBER: 29 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: :

['•>ROJECT: 923-6114. 2/LAIDLAW/BRIDGETON SAMPLE: POINT S.LAIDLAW/BRIDGETON LANDFILL/ND REM: LANDFILL GAS

(•̂ •NUMBER: 30 DATE RECEIVED: 03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: t

• fMJECT: 923-6114.2/LAIDLAU/BRIDGETON SAMPLE: POINT 12.LAIDLAU/BRIDGETON LANDFILL/ND REM: LANDFILL GAS

^^^m^mj-J^^y '̂̂ '̂ ^
'• tsdon 222

(Radon 222 error, +/-

tsdon 222 LLD

1

1

1

SANPLF '' 2$

316

7.0

1.8

SAKPif 26

72.4

3.5

1.8

SAMPLE 27

160

5.0

1.8

SAMPLE ^28

933

11.9

1.8

SANPiEliW

1770

16.3

1.8

SAMPLE ^ 30

379

7.7

1.8

UNITS. Cf:NEASU»E ;•"• |̂

pCi/l

pCi/l

pCi/l

1 420 West First Street
•̂Jt Casper, WY 82601

^^ (307) 235-5741
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L A B O R A T O R Y T E S T S R E S U L T S
03/18/95

r;.--|;;̂
SAMPLE NUMBER: 31 BATE RECEIVED: 03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

{PROJECT: 9Z3-61U.2/LAIDLAU/BRIDGETON SAMPLE: POINT 13.LAIDLAU/BRIDGETON LANDFILL/ND tW: LANDFILL GAS

SAMPLE NUMBER: 32 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

(PROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: WELL 2.LAIDLAW/BRIDGETON LANDFILL/MO REM: LANDFILL GAS
I

SAMPLE NUMBER: 33 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:
(PROJECT: 923-61U.Z/LAIDLAW/BRIDGETON SAMPLE: WELL I.LAIDLAW/BRIDGETON LANDFILL/MD REM: LANDFILL CAS

SAMPLE NUMBER: 34 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

(PROJECT: 9Z3-61U.2/LAIDLAW/BRIDGETON SAMPLE: POINT 17.LAIDLAW/BRIDGETON LANDFILL/MD REN: LANDFILL CAS

ISAMPLE NUMBER: 35 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

'oROJECT: 923-61U.2/LAIDLAW/BRIDGETON SAMPLE: POINT 20.LAIDLAW/BRIDGETON LANDFILL/ND REM: LANDFILL CAS

|1K~NUMBERT~36DATE RECEIVED: 03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

PROJECT: 923-61U.2/LAIOLAW/BRIDGETON SAMPLE: POINT 2.LAIDLAW/BRIDGETON LANDFILL/ND REN: LANDFILL GAS

»«iî teĝ ;̂ Ŝ
tadon222

Radon 222 error. */-

tadon 222 LLD

SAMPiE'vSI

52.4

3.0

1.8

SAMPLE 32

245

6.2

1.8

SAMPLE : 33

218

5.8

1.8

SAMPLE , 34

1050

12.7

1.8

SAMPLE |:35

N/A

N/A

N/A

SAMPLE;̂

44.5

2.8

1.9

uN|TS;pf::;«Ê E;:,v§
PCI/l

pC«/l

pCi/l

420 West Ftrtt Street
Casper, WY 82601
<307> 235-5741
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JMBERs 'CUSTOMER: SOLDER ASSOCIATES <

SAMPLE NUMBER: 37 DATE RECEIVED: 03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

(PROJECT: 923-61 U.2/LAIDLAU/MIDGETON SAMPLE: POINT 3,LAIDLAU/BRIDGETON LANDFILL/ND REM: LANDFILL GAS

(TEST DESCRIPTION: SAMPLE:; 37 UNITS 0?*MEASURE

(•don 222

(Radon 222 trror, +/•

iadon 222 LLD

17.5

2.0

1.9

pCf/l

pCI/l

pCi/t

420 West First Street
Casper, UY 82601
(307) 235-5741
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j 03/18/93
I ,

|JOB IM«Rî ?3Q407.;:::l̂

ANALYSIS

1ANALYSIS
TYPE

ANALYSIS
SUB-TYPE

ANALYSIS
I.D.

ANALYZED
VALUE (A)

DUPLICATES

DUPLICATE
VALUE (B)

RPO or
(|A-B|)

REFERENCE STANDARDS

TRUE
VALUE

PERCENT
RECOVERY

MATRIX SPIKES

ORIGINAL
VALUE

SPIKE
ADDED

PERCENT
RECOVERY

PARAMETER :OrtiM:A:ij*«^^^ '['&&7'..-:&^?y&\^M£^^
• .ftEPORTINC UMIT /DFs ::; •JT^.-^ttHtStipCl/i-1;^^";;?-:--^^ /METHOD "REFERENCE •;.':-.JsfPA 900.0 ' ! v-V-':':'"'"~;" -,vv&- v^.Viv- ;'; :;:'.• '\ 2 ' ; :.-.•' . • ;i: : TECHNICIAN: JC •

1 ' • • •' •••• • . . • . • • - . ; • •-. . -•• •..-.-.-.• . - • . - - - ' ; • - . -• -;• -• ••-.•.. .v ; • . . • • • . . • • • . . . . • - • - . . . • . - . ; . - - - . . • . • . . • . •_ . . •. •. . • .. • . . • • • • . . • • .•••- . .- •••. •. • • • • • . . • • . - . - • • ;.-.••. .• '. .-.•••• •-•.•

'BLANK
| STANDARD
: SPIKE
I DUPLICATE

MB
LCS
MS
MD

MB1AB0311
LCS1A0311
930407-13
930407-13

ND
28.9

167
0.1 0.7 150

52.0 90
0.1 160 104

: PARAMETER tfrpes Beta, total ^v^-ni-^-iTv-v '••. -:';..;:::;DATE/TIME ANALY^:03/12/93^ îtW:*?sS:;S^^^^^ ^BATCH NUMBER: 132266
REP«T 1 116 : 1 |M I T/OF: : -! - Ep -sUN I T> :̂

(BLANK
, 1 STANDARD
! SPIKE
i DUPLICATE

MB
LCS
MS
MD

NB1AB0311
LCS1B0311
930400-3
930407-13

ND
16.6
76.7
4.8 2.2 74

17.0 98
ND 85.0 90

{PARAMETER: Radon 222 -•^•-i-^B^ W;;̂ 'l;̂  :'•.,;:: ::£. •*££;&$&•};;: ?;i~ ••.;« IATO1 NUMBER: 132303
; RETOTiNo;«MrTypF::::::̂  t. .:•:•.. •^:-[;-y:^-:--}-^-K vS.̂ 3 '̂:î !.:̂ .'::-:-.- •::• ' - : - . :V ' ' • ...:-;.T£CHNICIAN:DF

:j^CATE MD 930407-3 266 261 2

|pTRA«TW:RiidJi«'226';vto^^ !NUMB£ft:132320i
: REPORtlNC LIMIT/OF: ^•^r:-\mi(tStpî n;--^- î:. •• ••••:. /METHOD 'REFERENCE ^sEPA .-903.1 :••••-.::<'.• .^. ^ î̂ ^ -̂;v.\̂ .U." ' •.' • "•• •' . •:"•:.- • : TECHNICIAN:NRF

• • • • • - . • : • • •-. :-•-•• - : • - • • • ; • . . . • . : . • - •-. . .-:• - .-. :. •.• -,: •• .- .-•-. . - • • • - • . • - . . ' . .::::.:. ; • : • ; • • . • • : • • • • • • • • . . ' . . • • . . • . . . . , - . . • . .-..•..•..;

{BLANK
ISTANDARD
'SPIKE

1 DUPLICATE

I

I

I

I

I

MB
LCS
MS
MD

MB4R60315
LC2R60315
930421-1
930404-2

ND
15.2

104
1.8 1.8 0

15.0

" • " • • • • " • : • . . • . - . • • • . • • • • • • • • • . • • . . . . • • • :

101
68.9 37.5 94

I 420 West First Street
Jfe Casper, WY 82601
^0 (307) 235-5741
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Western Atlas
International

Q U A L I T Y A S S U R A N C E F O O T E R
03/18/93

•C • Hot Calculable due to values lower than the detection Unit
ND • Mot detected at level in Ilefts column

(1) EPA 600/4-79-020. Methods for Chemical Analysis of Water and Wastes, March 1983
(2) EPA SW-846, Test Methods for Evaluating Solid Waste, Third Edition, November 1986
(3) Standards Methods for the Examination of Water and Wastewater, 16th, 1985
<4) EPA/6004-80-032, Prescribed Procedures for Measurement of Radioactivity in Drinking Water, August 1980
(5) Federal Register, Friday, October 26, 1984 (40 CFR Part 136)
(6) EPA 600/8-78-017, Microbiological Methods for Monitoring the Environment, Decanter 1978
NOTE • Data reported in QA report nay differ from values on data page due to dilution of sample into analytical ranges.
NOTE - The "TIME ANALYZED11 as indicated in the QA Report My not reflect the actual tie* of analysis.

The "DATE ANALYZED" Is the actual date of analysts.

420 West First Street
Casper, WY 82601
(307) 235-5741

•AGE: 10

paxmtni tn» btst fjogv^r* a' Cat o* c*cfaitxr*ss ff »



Wi
Western Atlas
International

A untxi 'CVesv Corneas

COLDER

Job Number .if ]S 931154

41P4 148TH AVENUE
REDMOND,:;;WA 98052

NE::

Date:

Name: Dr. John M. DeHart

Title: LABORATORY SUPERVISOR

Core Laboratories, Inc.
420 West First Street
Casper, WY 82601

Tht imiyMS. opruons of rmtrpretiicns contained m tfts upon ve bueo uocn observations ana material tJDpi«ti Dy the dent tor wriose eiciuurt and contdennai use irus >eoon h« been made The ntirivetaions o< ot̂ nons eipres&ed <epre-

lem the besi fuOpmera o' Core Laborator*s Core Uoornones. however, assumes no rewordirrj ano manas no warrmty 0' represemaiKyti. exprett 0' impJea as to the fxoducnviTy proor opetaicns. o* protttatxeness oi any 0.1 gi& coa> o'

omr- mne:at. property, wen ex tana <t> oonneaon witn «midi ucn rtpon is used o> fe**a upo^ 10- any reason wnatsoeve- Tnn r«po<i snai> not o« rep/oduceo eictpt m its emuery. vitnoui the written approval oi C#» L



Western Atlas
International

A UWr.'Oessei Coflpan^

L A B O R A T O R Y T E S T S R E S U L T S
07/19/93

JOB DUMBER: 9311W CUSTOHER: BOLDER AND ASSOCIATES :ATTN:::J:JDE ECJCHOFF •:

SAMPLE KUHBER: 1 DATE RECEIVED: 06/28/93 TINE RECEIVED: 09:31

PROJECT: LAIDLAU-BRIDGETON, NO LANDFILL SAMPLE: CONDENSATE

SAMPLE DATE: / / SAMPLE TIME:

REN: WATER

SAMPLE NUMBER: 2 DATE RECEIVED: 06/28/93 TIME RECEIVED: 09:31

PROJECT: LAIDLAU-BRIDGETON, NO LANDFILL SAMPLE: DUPLICATE

SAMPLE DATE: / / SAMPLE TINE:

REM: WATER

SAMPLE NUMBER: 3 DATE RECEIVED: 06/28/93 TIME RECEIVED: 09:31

PROJECT: LAIDLAU-BRIDGETON, NO LANDFILL SAMPLE: EQUIPMENT BLANK

SAMPLE DATE: / / SAMPLE TIME:

REM: WATER

SAMPLE NUMBER: 4

TEST DESCRIPTION SAMPLE-MI SAMPLE'*-2 SAMPLE; SAMPLE- UNITS OF MEASURE

Radon 222 LLD - ~

Gross Alpha, total

Gross Alpha, total, error, +/•

Gross Alpha, total, LLD

Gross Beta, total

Gross Beta, total, error, +/-

Gross Beta, total, LLD

Redt in 226, total

adiin 226, total, error, */-

adiin 226, total, LLD

1230

425

667

3.6

2.6

3.3

10.1

2.4

3.0

0.4

0.5

0.8

815

419 ~ —

672

3.1

2.4

3.2

5.4

2.1

2.9

ND

0.5

0.8

1110

432

683

0.4

1.0

1.6

1.1

1.5

2.5

ND

0.3

0.5

pCi/l

pCi/l

pCi/l

pCi/l

pCi/l

pCi/l

pCI/l

pCi/l

pCI/l

pCI/l

pCI/l

pCi/l

420 West First Street
Casper, WY 82601
(307) 235-5741

PAGE:1

The anah/MS. opinions o« mttrpieiaton* contained m this r«oon arc based upon oDS*rvaiens and matenai tuppi«a try me a*rn \v wttou ncUArvt and amfdennai UM (rus repon has btt^ made The tnterpfttaions or options cipressea 'fff-

•ant trw best (uogmem o' Core Laboratories Core Laboraiones howevr. auumes no r«toon»c.irfjr and makes no warranty o« retxestntations. e*pf«i o impi«d as to ine crooucmnry. proper opararons. o' prodUDientss D* anr oil. gas. coa' o>

O0«f mmerai. properTy. wt" o* san<j in oonnoctcn witn *ficfi ucn rapon a used 0' ft 1*0 upon tor an/ raaso" wnatioeve' TM report snail not be reproduced except m its envety. without the wrnten approval ol Core Latiorvor«s



VA
Western Atlas
International

Q U A L I T Y A S S U R A N C E R E P O R T
07/19/93

JOB DUMBER':' ;"931 154.-.̂ ^̂ " /CUSTOMER: '-SOLDER AND /ASS^IATES YĤ -;̂ ^̂  ;.-; -L ','"• .-; •'•'.-;.- vvA -:-";::

ANALYSIS

ANALYSIS
TYPE

ANALYSIS
SUB- TYPE

ANALYSIS
I.D.

ANALYZED
VALUE (A)

DUPLICATES

DUPLICATE
VALUE (B>

RPD or

REFERENCE STANDARDS

TRUE
VALUE

PERCENT
RECOVERY

MATRIX SPIKES

ORIGINAL
VALUE

SPIKE
ADDED

PERCENT
RECOVERY

PARAMETER :Gro»B iAljaha;-"' total •: '•̂•̂•::̂ '.;̂-- " i OATE/fiME -AWLYZEb:07/'06/93 -iliisi: • --̂ ^̂ ISi'̂ î̂ o-̂ fliC 'BATCH NUMBER: 1136040
REPORTiNG:.lIMIT/DF:-::vr::.:.̂ ;W

BLANK
STANDARD
SPIKE
DUPLICATE

MB
LCS
MS
MD

MB2AB0702
LCS1A0702
931154-3
931154-1

ND
30.0
147
3.6 4.7 27

34.0 88
0.4 170 86

PARAMETER: Gross Beta, total :" : ; ; ; : : : : : : DATE/TIME ANALYZED: 07/06/93 15:01 ••'-̂ .l:-\̂  :.P£ '•.•••? '•*?•£ ̂tXi^-^-K BATCH NUMBER:136044
REPORTING LIHIT/DF:. ̂^ UNITS:pCi/l '--...-.. .:;;.;-V ' METHOO REFERENCE:;:>:EPA' 900. 0:; : '̂ - ':-̂ ;&̂ ;̂ %̂ vs?;&£.Z '-'-̂  "- :- '• TECHNICIAN: JG :

BLANK
STANDARD
SPIKE
DUPLICATE

MB
LCS
MS
MD

MB2AB0702
LCS1B0702
931154-2
931154-1

1.0
22.8
117
10.1 7.3 32

24.0 95
5.4

PARAMETER :Radiuw '226; '"toial ' ':•••'• Â :: :;.'.'.• .:'-."': ' :-:::-::::: :i: bATE/f IME ANALYZED: 07/08/93 "•'\M02''"' ̂̂ ^̂ ^̂ f̂̂ \
REPORTING tlMIT/pF : •:; ; ̂ ':-:'::UNl"TS:pCi/l :"-:: ;: ;-'v:.0

:V-: ."-METHOD/ REFERENCE.':^: liE'PA 903. V H:-;; ̂'̂ '('̂ l̂̂ ^̂ l̂.-yiy

RD
D

DUPLICATE

MB
LCS
MS
MD

MB2R60706
LC1R60706
930990-9
930990-53

0.1
57.8
71.5
6.1 7.4 19

60.0 96
2.8

120 93

BC BATCH NUMBER: 136382
•:;::-:--: .:-.;-;-->TECHNICIAN:DU;

60.0 115

p'AR'AME>ER':R'eô i2i-:'Ĉ  IIUMBER:'136446
REPORTING ;LI.MIT/DF: 1;.O^ilNITS:pCl/l - ̂ /;::i:;:--'

:'-::;:-METHOb;. REFERENCE :̂ ';;:-v:;:-.;.:..;'i.̂ :i:-;/.ŷ  TECHNICIAN :NRF

DUPLICATE MD 931154-2 815 882 8

1 420 Uest First Street
l̂ t Casper, UY 82601
^̂  (307) 235-5741

PAGE:2

Thf inafywi. opmons ex inlirtxsUlons comitned *" tfnj repon ire tusta upor1 obs«rviiiont and material kuppl«a Oy thi ci«rn (or wtx>s0 tidusive ano conioeniial use this repon has been made Tr« nterpreiatcts or opnoit eipmsod repre

sent me best tudgmei! o' Core Latwunxws. Cort Latxxaiont* rxweve1. assumes no respon»tb)iTt> ana m»>ei no waTanr> or rep*eteiiat<oii express 0' rmpi*d. as to the proouctrvtry. cxoper operations. o> profitableness o> any o<:. gu coai or

otn«f mmerai. pfopefry w*n or tand tr oonnactcn wtrr wtucfi tuc^ report « useo or rthw upon tor any reasor whatso«vei Thrs tepon inaii not be rep'Oduceo tie»pt m rt» tnwety. wrtnoui me written approval o' Core Larxv*tor«s



W4
Western Atlas
International

Q U A L I T Y A S S U R A N C E
07/19/93

F O O T E R

NC • Mot Calculable due to values lower than the detection limit
NO • Not detected at level in limits column
• in the "TECHN" column signifies that the analysis was performed by a subcontract laboratory

(1) EPA 600/4-79-020, Methods for Chemical Analysis of Water and Wastes. March 1983
(2) EPA SU-846, Test Methods for Evaluating Solid Waste, Third Edition, November 1986
(3) Standards Methods for the Examination of Water and Wastewater, 16th, 1985
(4) EPA/6004-80-032, Prescribed Procedures for Measurement of Radioactivity in Drinking Water, August 1980
(5) Federal Register, Friday, October 26, 1984 (40 CFR Part 136)
(6) EPA 600/8-78-017, Microbiological Methods for Monitoring the Environment, December 1978
NOTE - Date reported in QA report may differ from values on data page due to dilution of sample into analytical ranges.
NOTE • The "TIME ANALYZED" as indicated in the QA Report may not reflect the actual time of analysis.

The "DATE ANALYZED" is the actual date of analysis.

420 West First Street
Casper, WY 82601
(307) 235-5741

PAGE:3

Tr» anah/ses. opruons or intrpf»iaT>on$ coma-ned m mu report are baiea upon obwrvaitont and material luDphad Dy me cicnt h> wtvnc nduxw* ana confa»nti*i UM m* rtpon has been made Tn* mttrprtiiierts & opnions eipvessed fee**•

•am mt bes! fjOgmem o* Core Laboratones Core Laboratonet. r«wtv«'. a(vjm«s no responsibility ana mahet no warranty or repmemai«ns. «xprtu or impt«o. as to the productnuy. propr optfinoru. o* profrtaMeness O any oil. gas. 0041 cw

orrwr mineral. prQCHKTy wt» or tand >n connccion with wruch such repon a uuo ex 'ttw] upon l& arty reason whatiocwi. Trtu repon thali not be reproduced except <n cts eravety. wnhoui the wrrnen approval of Core Laboratories



10-O/ . - UULUC.K aSSU^ I A1 CO»P If O

CORE LABORATORIES
VUwtern Atlas
International _____ ____________ ..... .... ___________

FAX NUMBER:

Date:

This transmission consists of Tr O pages, including cover

FOR:

COMPANY:

FROM: £&*&- I

CORE LABORATORIES
A Division of Western Atlas International

420 West First Street
Casper, Wyoming 82601

(307)-235-574l
Fax Number (307)266-1676

Ail analytical reports, interprettions, or information faxed by
Core Laboratories to its customers ara preliminary data only!
Due to tho problems that can occur with the transmission of data
via fax, Core Laboratories will not. guarantee or assume any
responsibility for the following transmission of data.

If any of the following information is not legible or clear, we
encourage our customers to verify the data by phoninq our office
immediately or by examination of the final analytical report.

Please call . at the above number
if there is a problem with this transmission or if you do not
receive the total number of pages.

MESSAGE:.

43C W«t F/s SVWI. O8DOT. Wyprnog 88601-2408 (307) 235-5741



COLDER ASSOCIATES:* 2/ 3

MfeatwrnAtlaa
InternationBl

CORE LABORATORIES

L A B O I A T O i r T E S T S R E S U L T S
W/Z7/W

l̂iiil«Il̂ î »l»l«
CtlEItT 1.0 : UID6ETOU LAII
DATE SAMPLED ... . • M/19/93
TINE SAMPLED i :
UOftC OESC8IPTIOH...: ARM 1-C1

Qreit Alpha, total

trois Alpha, tat*l, error. */-

Grot* Alpha, tOT4l, LLO

Crow 0«t«t total

Groftf Beta, total, arror. *j-

CrosA See«. tetol, LLD

»

???*™5^-!S?fe»£' ^Mrt-v:--^"-"^^-'^^ • i:');:;̂ *̂

JLAU/MO LAfiCRATI
OATC xe<
Tire u<
KNABtS

iSi|̂ ;:i«ssSi'j>H^
0.2

0.5

0.8

0.5

0.9

1.5

S^MS minoKiliiiiî
pel /filter

pC'Vffltor

PCI/fitter

pCI/f liter

pC»y filter

pCJ/f Uter

^ t̂lfiB'̂ iiiiHw^ '̂'" •.KJ»-" '̂<i*:!» f ';• .r:̂ iSa;?!::̂!«W(»Ri«OaiOn^ ĵ.;Vî p^ ;̂̂ rA,V..-p;::;.r.::ai

»T I.D...: 9J15i2-0001
aiVE> 1 08/20/93
CttWD....: 09:17

: FILTER

l*|SsiiTWR^̂ S^

EPA 900.0

EPA 900.0

W*;£S$Mi$ii$i

08/25/W J6

U/25/n JG

08/25/93 JO

08/25/93 JG

08/25/93 Jfi

OB/25/93 JC

420 Unt first Street
Cupar, ur 6Z601
<307) Z35-5741

.,̂ î ^ Tl.

Urn mnoturowrv wi r



International

09/27/W

m^^w î̂ ^^^ î̂ .̂K^^^^^^^^^s^^
AlULYSIS

TYPE

tMMH*̂
M^BC
BLAIIK
STANDARD
SPItt
DUM. I GATE

AlULYSIS

ANALYSIS
SW-TYK

ANALYSIS
I.D.

KB
LCS
MS
NO

NUM0823
LCS2AOK3
W1527-2
431542-1

ANALYZH)
VALUE (A)

81111
HD
33.2

ISO
2.6

DUPLICATES

CUPLtCATI
VALUE (6)

9m

0.2

RPO or
(|A-B|>

•EFEimce STANDAROS

TBUC
VALUE

PERCENT

RECOVERY

NATR1X SPIKES

OftteiMAL
VALUE

3PIHE
ADDED

171

34.0 98

IplSiifflWî ^
$9$*»!̂ i*si»
•LANK
STAHDAJB
SPIKE
DUPLICATE

MB
LCt
MS

W4ABO&23
LCS280823
931527-1
931542-1

1.0
21.4

1.9 1.3 57

24,0 89

1.5 170

I".! ?2! «!:•':•'•! - •Z:<*x'<*:>."::;̂ ?'!!?*

2.0 120

y

PiRCENT
RECOVERY

*j£w %flRBinl'- •

87

9̂«:<ia»P
MMJ:&

92

420 Wttt Ftnt Street
CMper. UY 82601
<307) 235-5741

PAGE:2



xo- jo . COLDER ASSOCIATES:* I/ 4

Weatctrn Atlas
International

CORE LABORATORIES

FAX NUMBER:

Date:

This transmission consists of pages, including cover.

FOR:

COMPANY ;

FROM:

CORE LABORATORIES
A Division of Western Atlas International

420 West First Street
Casper, Wyoming 82601

(307)-235-5741
Fax Number (307)266-1676

All analytical reports, interpretations, or information faxed by
Core Laboratories to its customers are preliminary data only]
Due to the problems that can occur with the transmission of data
via fax, core Laboratories will not guarantee or assume any
responsibility for the following transmission of data.

If any of the following information is not legible or clear, we
encourage our customers to verify the data by phoning our office
immediately or by examination of the final analytical report.

Please call at the above number
if there is a problem with this transmission or if you do not
receive the total number of pages.

MESSAGE:

420 West Frsi Street. Caepar. Wyofrtr.G 82601-J406, (307) 235-5741



UVLAHLK . ^/ <*

CORE LABORATORIES

09/27/73

ÎSlSga l̂̂

MTI SANPLCD.......I Qfl/20/93
TIM SAMPLD : 13:20
UORX M«CRtPr)CN...t S-1

ilili»M^̂ ^̂ ^s
••dan 222

laden 222 •rrar. +/-

laden 222 LID

•

ETON UKriLl LANRATI
PATC REI
TIW REI
ttftUKS

ffl&:*tt&i^:
.t..^».».^-;-r.t:i.^-.«Mw.^..-.w^

244

123

197

v^^mi]
i

w;«i|;̂ A««:iH
pCi/t

pCl/l

pC</l

3RT I.P...: 9S1549-0001
aiVED....l 08/23/93
ZtVQ)....t 08? 20

...: kftTER

inBffî w.^y^.

*

•Buif̂ piifciltijtiwi
• ;i».'.iJ»";O*'''i::'>' J5vTi. ... .. ••-... • ... -

09/27/93 as

09/27/93 Kit

00/27/73 at

420 UMt flrtt Strtct
Camr, WV BZ001
C30T> 233-3741

* vawM *vu p* *t «*or*y vw o<« -nw «r« •^&

»«1.«« to-
v jratuemu * M* M. gu. ud ot



JI-J11 LJI v-zt-aa ; - COLDER ASSOCIATES:* 3/ 4

VMMtem Atlas
International

CORE LABORATORIES

09/27/93

iliMfiil̂
CLIEVT 1.0 ••••I LAIOLM MIDQ
BATf SAMPLED : 08/20/93
TINE mrtro : 13:10
MUCKSCtmUM...! MVLICATE

SiiiUM^Ssis^sH^̂ s
••dan 222 error , »/-

(UdOO 222 UP

•

ETON LAWFUL LABORATOtT 1.0...: 931549-0002
OATI HCEIVED....I QB/23/93
TINE KCCIVEO.,..: 08>20
KMARn - - - - - - - - - > tum

?^*OTytTjiî
309

1Z5

19fl

tft&ifiw^^r;
i

*p.jKS*3iW ;̂
pci/l

pCi/l

'«iEiS îpi5 -̂K^ 'M^SSfritilSBiMii
09/Z7/9) US

09/27/99 KLC

09/27/93 KL«

42D w«t Flrtt strMt
C*«per. WT B2601
(307) 233-5741



- JD

Internationa!
A IMn <Mm> mm

COLDER ASSOCIATES;* 4/ 4

09/27/93

Mĵ ^Hiroteife #.

ClICHT 1.0 .1 LAIDLAV IRIDCI
MFC 8ANPIE0 : 06/20/93
TIME SM»LR> > 13:12

'TON UUffiflLL UMKATORT 1.0...: 931M9-0003
DATE RECC1VEO 08/3/93
TINE RECEIVE*. ..,1 Mi20

UOMC CESCRIMICM . . . t ECUimCHT BLMK MtHMttt

iWt.̂ pi'iî -̂̂ l̂ î l̂ ?
MVV '̂I ' ' • "'J!*"':*'*'<«: «<*.*'* W*1' : •?'•'• ™ ' -'**:•%". •%•

«*don 222

R«don 922 •rror, «•/-

todon 122 LiO

»

T-jjW^fiwtKK?-
••'• -5^-^: i-;-". "":'•' -:•>•-..

295

126

200

MTtCfioi UNIT

1

t*iT»;;.o :̂:»eA5i«x '•;--:-;

pCl/l

pCl/l

pC(/l

Tlit;:.3iitjiS^«|̂ ^
, ^Ji,t.'̂ "r •*•••**•'••>••*> >*-.-<-;->V%'-; •

)S;tej|:l̂ riipBiieiJfi
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iflNMQ THE REPORT

iw dose eqjfval
amount ol radii
was exposed- Trie
exposed the badge
nd quantity to that
i ol the body on

tli the shipment of
ii« radiation dosat
d bo stored in a
period. The control

to Include a control
lam o' dosimeters
cpoaurg to radiation
teeled in Hie parti-

3HTH)
xiitoring period be-
lly -are recorded as
lantity depends on
dlatton. GARDRAY*
rotnimom reporting
. rays and 4dm 'em
IY» ('dm dosimeters
km em. AD tast and
$ have a minimum
rraeter» tor thermal
lose of lOmrem.

af the readings of
; amd reported to
es zero. Calendar

y conform to NRC
^orrsadettng steifling
•Chosen.
ATA

intormatlon tot re-
I other legula'.Dfy
ve totals nay have
ig the totals from
ndments are made
presen'̂ tlve of the
upp-lerrentary tata
exposure originally
eilhsr overstate or
» badge assignee,
dilion of previous
I use of the p^rtio
I may also be re-

ALENTS
bnt from all mdin-
-.m1) In soft tissue,
up and attenuation
>d using the 30cm
i material specified
in Radiation Units
a equivalent Is the
i el approximately
tissue. Similar to
shallow dose equlv-
i the body is con-
cortcldored e^uiv-

te shaltow dose as
>f the whole body.

ipoaures to x or
shaDow value re-

f the x K gamma
nay or may not t>»
same value is re-
;e equvalont. Bata
nallov/ dose equrv-

fflja eyes at» nd suffide-ntfy projected
_ NRC Form 5 stales that doses at

.__..)* pf teas should b* rwasured. When dosini-
.•:<.>ieter data Indicate -Slat repcrttTHJ the dose al 1cm depth
• 'would no) reflect the Epproprfale dose, at 0.3cm depth
iiini OOOrngfcnn Oia- deep dose /sported will be the dose at

. . . . 0.3crnT)eptn rattiei than at l.odm depth.

: T.. RING BADGE READINGS

I:... . Ring badge readings are raowted as a snaDow dose as
• • • .. s due to gamma rsys. II produced by low energy x-rays

*'.;toi beta particles, |ne reported valua maty be mconrec;.
• : ' Calibration factors for x-rays and beta particles are

1 -available so that a more accurate interpretation is
possiole..

GENERAL OADiATOM EXPOSURE OUIDE6*
TYPE Of EXPOSURE GUIDE VALU=

DE TWa film baoge
exposure. No ""

oory. nead » trunk; 1290 mnraepns per . quarter;
btood rormtn; organs: 5000 BiHlimms per year. Vp 13
:ens at eye: or gojiads 3OOO niinjrents ic cermibtd Li

a cabndxr quaiter »s long as
the) accumulated occgpatloral
dose to fhe «tiub body does not
stceefl SOOd roitrents x (Ege-16)

Stdn 3) urtote ba^y

Hapd.totMrins.'evt
sndnfclK

7.500 rr!l.r«rr.s par qmrtn

18.750 mjiHrcmc par ir. garter

*U.S.N-R.C. Mgulafions. Title 10. Part 20. Code of
Federal Regulations (9-1-78). NOTE: Certain stales and
other regulatory agencies may lotto* guides that are
different from the above.

COLUMN REFERENCES
NOTES (COLUMN <)

A. ABSENT

8-1 This ram appears to have been damaged by Bght. The
accuracy of ary reading given would be affected there-
by

B-2 This fHrn appears to have bean damaged by moisture.
Tho accuracy of any reading given would be uffnclod
thereby.

8-3 This Mm appears to have been damaged by chemical
foggirg. The accuracy of any reading given would be
affected thereof.

..B-4 This dosimeter appears to have been manufactured
faultily. The accuracy of any reading given would be
atlectec thereby.

• B-6 This film appeals (o Kave been damaged by haat a-
pressure. The accuracy of any reading given v/oud be
affected thereby.

C • Evidence of contam nation.

DA This fOm packet appears to hav* boon oxpooed out of
the badge, therefor*, the value gtven Is based on a high
energy gamma calibration and is valid only if the ex-
posure were due to nigh energy gamma. If it were due

• . to beta particles, or towsr energy x or gamma rave, the
value reposed may be maocuraie.

DC This firm packet Is parlfeKy Bghtstrucfc. There is
• apparently a d33« recorded, however, no exact quanti-

tative determination can be made. The reported dose Is
the max! mum received.

: PP.This film badge appears to have been shielded during
exposure. The dose reported' is not an exact quantita-
tive determination, but only an indication that the

i • • badge was exposed.

to have been shielded during
determination can be made.

OF This fftm pasV^pears to have been misplaced hi
the badffe- Tho doia reported Is not on «xact quanti-
tative determination, but Is only an indication that the
badge was exposed.

. DO Although Oils firm packet was slightly Dgntslruck,
• " •• there seMTis to be no apparent effect on the reading.

DOSIMETER TYPE USED (COLUMN 5)

• DH The beta-gamma background on this fUm badge was
• too high to give a valrd last neutron reading.

D) This reading Is based on 5D-150KV x-ray. TWs tarn
badge appears to be- defective; please return holder tor

• replacement.

DJ This tihn packet is too old to process.

OL. This control packet appears to have bean placed in a
• " badge holder, indicating posslbl* misuse. May we remind

you that the value of (he contrcl (runs Is tael if used for
' personnel monitoring or other racflalior measurement

purposes.

OR This fil.-n appears to have been exposed from the rear
of the badge.

OS Amounts shown in columns 8 & 9 have been perma-
nently subtracted fton: cumulative totals art customers
request.

DT~ Amounts shown in columns 8 & 0 have been parmi-
nenlly adced to cumulative totals at customer's re-
quasi.

DU Amounts shown in columns 8 & 8 have been sup-
pliec by customer for period prior to Inception of
Landauer service artcf have been permanently added to
cumjlallve totals.

OV Amounts shown ri column* 8 & 9 ara previous lif«-
ilrne exposu:es supplied by customer end have been
permanently added to cumuJaUva totals.

DY Other comment - See attached note.

DZ Other comment - See attached note.

E Irretjjlar axposure.

E-i Due to :he Irregular oxpoBirrs tne effective energy
cannot be properly determined and th* dosage is
BKtlrnated arWlrorily based on 6O to ISO PKV x-reys no

• , probable source of exposure. If different energy, the
- value reported will not be the actual dosage.

•E-2 Due to the Irregulej exposure the effective energy
cannot be property determined and the- dosage la
estimated arbitrarily based on gamma or x-ray over
430K»V as probable course of exposure. If different
energy, trie value reported will not be the actual

H Unused.

QC Dosimeter received and processed. Quality control has
•• not authorized reporting ol dos«s. A separate 'sport

containing fas doses lor this dosimeter will be torlh-
" coming.
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RADIATION QUALITY .COLUMN 7)
Th« 'oltaring codes tit provided ID kJme'ly the types end in
aorro cam enargln <f radiator contrHxttr^ to the dose eqiw-
alert.

» or ganna ray expect:?. P naj be Mbmd by an H for t-Jgh
ewoy t o- eamrna rays (grurai far ZSO keV efreelwe). M tar
nodtwt erargtvs tbotwpr too and ZSO keV effective) or L for
tax* Energies (has ftur too keV eMecfiva).

Neutron 4*pou:ie. M tnr? be tolkmid by an F lor Utt and
M«rn«dat» vrorgy net Irons or a T <or tiiMB«l naubona.
CotRblncd c»rt«ure duo 10 00*1 i v Aiming rays and beta
MT.ctes. Tte txni partk* dt»8 «* b» piinted as • wtord Ine
hi tie steam- dote column end oodw n 8, tnHcrllng ma fie
a»eore 1 1« is Ihi bet) dua corntHnant ol tlM eorrMoed
shalowdose.
Con-oĵ d ixaofure CM te x or Gamma ray* and neutrons. The
neutrcn dtne « '̂ be pilled » a atorrt fine .g tne deep dost*
coiiT.r. This Bn* m- -39 coded Aa NF or NT. indicating n«t the
sact.id Dra is ine dose due 1C fast ard intcrrrediile energy
neutrem o- Etanal neutrons, mpmtvtty.

ADJUSTMENTS (COLUMN 16)
Adjustments made to cufmjsiw tdab with this or prevt-
oua report el custoner TOqjeit.
Additions

C - Additions & Subtracttona
D - Douge data suaplied by CJStoreer for period prior to Irv

S3p-lon al ̂ andauer service.
£ • Dosage -la-a supplied by cjstorn«r for period pr<or to rn-

=*p;tan cl Laidauer service; additional changes have also
been rca:e.

F - Previous litalmeetooGure supplied by customer.
Q - Pie\-|oU3 lite l̂me exposure supplied by omtomat: addfthm-

aJ changes have also beevi node.

UNUSED PERMISSIBLE ACCUMULATED DOSE
(COOJMN 17)
Unteta oirth date a--d ntecbne expotura records are supplied by
*» cusiorwt. ne vtlues me irported rn column 17. H mis doia
Is supptsc. Bn dUrerence bttvrecn the parKcipenl's age |l.i
years) and 18 pf ego gmater Jhw I6-) Is moflipiiad by 5000.
Ren \ris. we subtracl (he value shorn In column IS. The
rest t n -.hat vatus given hi column 17: |5000(Age-l8Kaluntn
1 4 L The valua in oaumn 17 b eonpulee monthtr. Parralaclbto
vBtu>3 are based en Janjary 6. 1957. recommendatiom ol the
Malionc.1 Coo-TAtea ct Radiation Protection and Measure-
ments. These •aluei a.re given (« total body «Kpa»rn only.

INCEPTION DATE OF PERMANENT TOTAL (COLUMN 21)
Aveiteble K>; tern rnodlttcotton 10 mael (pecHIc ad-Wnlurailra
recuireinenx ltd rrey not ief:ect actual beginning date of ac-
cumulated :otile.

Lanttaaer. Itx. 1 Scieiice Road Gteiwood Illinois WH25-J.v;f> T«lephuce: (TfWj 755-TIWI Ftcsimue: (7tBit ?5>7i)l6



EXPLANATION AMD REMARKS CONd

1. ABOUT

This reporî ^Hhe deep and ahatk
(or each panSRpanl based en ITS -
to rrhich the badge or dosimeter
pieTlse 1$ thai the radiation which
is Closely related in brr.h quality a
relation which exposed (hat par
whch t-ia dosimeter mas worn.

P. USE OF CONTROL DOSIMETER
A control dosimeter Is included wl
dosimeters as a means to daitann
received during transit, and shou
iacfetian-(ree a-ea during the wear
do*imei0f nesting re subtracted I
reading of each participant. Failure .
dosimeter with your return shorr
wHI not allow us Ic assess trenail «:
and such transit doses will be ref
cipanl dose.

3. I/INIWUM DOS= EQUIVALENT flEPi
Dose eqciva'ents for the current rrn
ton the mininum measurable quant
"M". The mnirtKim measurable qi
(re dcsrme'.er tvpe and Quality of ra
Mm ard TLD dosnr.etets ui

value of lOmrem ter x
tc- B'wrgftlic beta panic
have a mln/murr, reporting |
moderate energy neutron
rsport.'Kj dos« of 2pmten.
reutrcrs have £ nvnimum reporting c

4. CUMULATIVE TOTAL DATA
Cu-rubtNfr totals equal the sura •
dosimeters returned leu procesijnc
dale Minimal exposures are added
qi/B-lars a«e setecled to mos: near
and slate recording requirement <
date iicS length of monitoring periods

5. ADJUSTMENTS TO CUMULATIVE 0
0 To ad in propet presenlatran of
en co«te req;-ired by the NRC ant
«> bodies, a-erdnenis to the cumoatl
01 seen made inc.-easi.-ic or cfacraasii
^ InDse Driginally reported. Such ama
" a.t ihe- request or an auirtor;29d re
^ c enl and are arjy lo reflect s
oo demors7a.'.ing that Lie dosimeter

occurred i- such e manner as lo
tilde-Slate l*te Irus dosage Ic Ira
(F.efei :o edjuBlmant colurrn.) Ad
exposure prior lo cpir.mencement o:
ular dosimeter asetgnmenl reporec
fleeted n the cunulElve total)

«. DEEP AND SHALLOW I
The d««p doae is !>»

...-: -.•;o,--;;-.c;::-- ••••:•••> •:•: Hor.s at a dep* of 1cm (»
-. .̂ .,s>.-,.x- - .-:.->- • consicered are the effects ofl

o o' radiator In -Jr.e body as eBtlman1 rJ.'ameler aohere o' tissc-e equlvalen
" by the Internationa Comrnuskm c
7 and Measurements. The shaDow cot
J, dose equivalent Iron at) radiElroni
w 0.307cm depth (Tirig/cm1) In tc*

deep dose, '.ha conwbultons lo Ihs i
» ale.it from radiation scattered withtr
ro . cderec The deap docs shculd bo

£len( to the wrtote oody dose and 11
*• equrvaert la the dcse to the skh i
•B Dose equrVaienls arising irom e>
K ' gamTa rays Ail! have a deep and

ported. Depe-wfig on the energy o
rays, lie deep end shadow values r

!? ' . equal. For neutron exposures, the
=: por«d rcr lh» d»ep and shallow dot
r; exposures are only -epoled as a s

aient.
n
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Colder Associates AIR ORING DATA SHEET

Job Name. .Job Number

Location

Time ln_ .Time Out. . Weather.

Instrument Type.

Calibration Gas _

.Temp WindD.

.Serial No

. Instrument Reading. Span/Gain/RF Setting
and Concentrat ion • // morg #&„ one instrument is used, document calibration procedures and results for gach additional instrument i,i

recommendations section below and indicate Hie nstrvmeru used (eg. OVA, X1.OVM. etc.) tor each observation

Time Station Instr. • Reading Procedure/Observations/Comments

^
-/ / c

. t.sQ
1 ?.<&

3-L r&f.
wiff

u

- 6.96 <*T6
f

LOLA

,JOO t&O
Recommendations 4l&

Printed Name Signature



Colder Associates AIR ORING DATA SHEET

Sheet. • of.

Job Name • -* /; t

Tim<» In

Instrument Type

Calibration Gas^

Jc.f L^
J $'/**, /*fc S/v/r /*/os*
s / / .
TimpOiit W*>a»h*»r ( '<"?{/

WM ?6/

',(-/& 7 teffjs*, In<:tnimen1 Rpadinn /d

Job NiimhPr ^*?y~ tf'/Sy. o^t.

Tpmp WinrtD/1/^ V Sf'"".v s
Serial Wrt

'J/ff.) Rpan/Gain/RP Ranlnn

and Concentration • n more trwn one instrument a used. Oosumem caUttrtHon procedures tnd results tor etch additional instrumoni in
recommendations section below and indicate ttte instrument used (eg. OVA, 361.0VM. etc.) lor each ooservation.

Procedure/Observatlons/ConfimentsTime Station Instr. * Reading

\Je Ic c .' ry > > & i?* t h S- 3 eP-r- d/O^ns £/

-r><r .s-u-r>

-% ̂
if 'L*i/ /V*/ /-? C

/—

</*

tr- f

y.2.%
(77

/cS

Recommendations

Printed Name Signature
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SUBJECT

Job No.

Ref.

Made by

Checked

Reviewed

Date

Sheet 01



Colder Associates AIR ORING DATA SHEET

3— Sheet_J of _J

Job Number

Location

Time In Time Out Weather

Instrument Type

Calibration Gas

Temp -- Wind D

Serial No

Instrument Reading Span/Gain/RF Setting
and Concentration • tfmore than one instrument is used, document calibration procedures and results tor aacft additional instrvmttnt «i

recommendations section oelow and indicate tt» instrument used (eg. OVA, 361.OVM, ate.) for each observation.

Time Station Instr. • Reading Procedure/Observations/Comroents
^eJi ~ </

f-^- ?. ~

Z' i t

/ U, / / /* //

31 e.^k TT*«< Tku c jz.

. A
- -it*

Kr
?, ̂

7-
Recommendations

*"//
Prinled Signature



Colder Associates

job

Location

Time In

AIR

pate

ORING DATA SHEET

Sheet_Z_o1

Job Number

Time Out

Instrument Type

Calibration Gas _

Temp

Serial No

Wind D

Instrument Reading Span/Gain/RF Setting
and Concentration • # more fun one instrument it used. document ca/*r«bn procedure* *nd resuta tor e*ctt tddrtioral instrument in

recommendations section below ind indicate tte instrument used (eg. OVA. X 1. OVM. etc.) lor each observation

Procedure/Observations/CommentsTime Station Instr. • Reading

-^ z:
7A.

c e 77

i 'cc/cAC ok i

7,

Recommendations

Printed Name
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Job No.

Ref.

Made by

Checked

Reviewed

Date

Sheet of
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Ref.

Made by

Checked < î_

Reviewed

Date

Sheet of
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Colder Associates AIR ORING DATA SHEET

Time In ., . , Time Oi it

Instrument Type

Calibration ftas

Date £.£•-"72 Sheet

Job NumKor 923 ~ f^//

Weather Temp

Serial Nn

Instrument Reading Span/*

Winrfn

SairVRF Setting _

01

v

Concentration • // m^e than one instrument is used. doMmeru calibration proooduns tnd rosuts tor MCA additional instrument ;,i
recommendations section below mnd indicate ate inswmera used (eg. OVA. 361. OVM. ttc.) tor each observation.

Time Station Instr. • Reading Procedure/Observatlons/Comments

/<•/" /In

Recommendations

Printed Name
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CONTAMINATION WRVEY DATA SHEET

Job Name
Location
Tlmeln_

Job Number

,' t-e. /

WindD.

Calibration.

.Time Out

.Velocity _

Weather

.Instrument Type

Location Direct Probe Measurment
(Coordinates/ -Gemma"/̂ ^ r̂ Alpha
Description) c/m |iR/hat1m c/Jjm

,(. €

C-/Q fJv a j^
ff fi-

7'uc

• ftr

fife k 9"' tt fhtf -Lij'ftvS I
c f of'fa-f

Procedure/Observations/Comments

H

AC

_Temp.
Serial No. te7?f-f~

Bemevable Contaminants
Beta-Gamma --

Printed Name



VEY DATA SHEETCONTAMINATION

/ f

Calibration
Location
(Coordinates/
Description)

7w</o

Direct Probe Measurment
Gamma Alpha
c/m nR/hatlm c/ _ m

nuniuvuble CuiiUniliiuiTO
Beta-Gamma c A,

d/m>100cm« c/m d/nvi em»
?O 0444' ^ &

S?
77

iz

5?-

01,

7s-

Procedure/Observations/Comments

-fr •*4

Printed Name Signature



_ CONTAMINATION ̂ VEY DATA SHEET

FGoldL_ ^
fttes

Job Name ttw'ifMU /-I*** J-i f' Job Number.
Location.

Time In Time Out Weather Temp.

Wind D. Velocity Instrument Type &P~\.Hrl&> Serial No..
Calbratton fond. k~ < *

Location Direct Probe Measurment —AemovablAJContaminanis
(Coordinates/ Gamma Alpha Beta-Gamma
Description) /, c/m jiFVhatlm c/__m d/nV100cm» c/m

(/ (? c i P i,iCS fcCcJt*^. & I If* (£

Procedure/Observations/Comments

X
Printed Name / Signature



SURFACE MEASUREMENTS DATA SHEETw
ates

Date _i'-/?-rJ Sheet / ot
Job Name Job Number <???-£/sy ^^

xl / • / / / ' / '
Location O/t'~J~',/^ ^r ifffff*t'r<-*tf4

ft - — . ^ _.w-

Time In Time Out Weather ^^r- //">-*v,£ w,W>TemD. 2^ x^"

Wind D. Velocity Instrument Tvue t'tf-l. faii** c< Serial No.

Calibration Instrument Reading '

Scan Rate 1 0-20cm/sec. ,

l,lkt<.r 'ttC'fJ ^f^ X«W< J.. £_**'*'*

SCINT
Instruments

Grid Line/Coordinates Probes

Location

Background

LOfS lLc.)'-f t'-1f

1^1 lp<
«y j / /<J t«

L,,̂ J ^^

&lnt4uL)< filt

Duplicate

GM

Scintillation C^_rV

<Bflwc40e&-

1 Meter

/:,„.,, «-

/«

Contact (lOom)
£• y_ ii

A^ e'Xv

/ 1 C'v / '/' i>

IKi- !$<•'*

\ow il^

/n,> /<*'•
;.fff., ,&0(,

wu nuo
n^ ?ca>

0:~t?KVS? *l //"'

c/ m

Open

i •

%

Cbsed

Remarks

J/"/«*^^ C«ir'»

^^ ,.„„ ,^/.

A^w>

»c

J^ r^/r/v-

r^ r^x-^
/l^> St-ssir*'

*Sf fW

Duplicate measurements will be performed as follows:
<10 measurements »1 duplicate
> 10 one duplicate lor every 10 measurements + duplicate lor fraction over 10

Remarks :

Surveyor



SURFACE MEASUR^NTS DATA SHEET

Date 3-/?-*! 7 Sheet of

Job Name Job Number

Location

Time In Time Out Weather Tamo.

WIndD. Velocity Instrument Tvoe Serial No.

Cflltoratfon , Instrument Readina

Scan Rate 10-20cnVsec.
SCINT

Instruments

Grid Line/Coordinates Probes

Location

Background

rk«7-'rt

h

c
o
I'
F ' 1

fe -'
H -

Mffltz -

QM

Scintillation /

t?»m*4W p̂r1

1 Meter

L

.1
T-f

v\

ContactJJflernr~

fe 74^

?ICV live/

?**• Ifoa

2v*d Z?^

2^^ ZS'^

2nno l C5h

Iftt? Z<9^>

7((3t> 1VOO

6M@lem

c/ m

Open

•

Closed

A*

it

Remarks

ft-jrr i'Ai/'* (•

A/(^J CM^&7

"e^̂ TcĴ '̂
î 3tj& £e.

£&>' ty*
"££?£%*'

tflCA/l*^

Duplicate measurements will be performed as follows:
<10 measurements - 1 duplicate
> 10 one duplicate for every 10 measurements + duplicate for fraction over 10

Remarks



i f o e r
Associa

SURFACE MEASUR^NTS DATA SHEET

fttes

Job Name.

Location _

/flfii
Date Sheet of

o<6.-n>o « A /HP Job Number

Time In IcxS' Time Out

Wind D. &*n'3tffrt Velocity _

Caltoratton

Weather Pt

.Instrument Type

.Temp. 2S* >
Serial No.

.Instrument Reading.

Scan Rate 10-20cm/sec._

Grid Line/Coordinates
Instruments

Probes

SCINT OM

Location

Background

OOC.K

Scintillation

cpn

1 Meter eon<ae1(10em)

9-

OO

"̂ 000 11ED
r

Wtoo

Hoo lioo

GM@1cm

c/ __ m

Open Closed

Remarks

•DopIEaTe
2303

971

^
0.01

Duplicate measurements will be performed as follows:
<10 measurements -1 duplicate
> 10 one duplicate for every 10 measurements * duplicate for fraction over 10

Remarks _

/



SURFACE MEASUR^ENTS DATA SHEET

ates

•i1
,• ,\VJ*
\( •

ic^

•

* i k , ///; °*Job Name h/fck-f S*K/ yU,;x///// JobrV

J-//-73 Sheet ' of
lumber ??•?-<?// Y.o* 2

Location T&«=*-t finj~£ ,' / *?/ Sescn /• •//>*«/

Time In Time Out Weather <T/riv. ̂  Jo 3/ T Tamo. ?/ ^

Wind D. /U*L/ Velocltv / ^^v9^ Instrument Time^?/9- / . ̂ /* ^ Serial No. JiS do/ O

Calbratton Instrument Reading
x r<^/ fRv??6'j>.f'

SCINT

Scan Rate 10-20cm/sec. biBtrumants

QridLhe/Coordini

Locatbn

Background

&\~ / ^ /

,^ff * "L

(jc If *

fr ?
pr q

fr n
?r R

/o

UJ«.« 4 •
Duplicate

frtkeifHuvA /f

ites Probes

QM

Scintillation

cpm x 1000

1 Meter

*/// //»*

Contact (10cm)

S'jf&o cyx

se-Mu\3l!}*>ff*&t

^^ P î  ^™

^^^DAA^

Avt- f/\A/

£7 ' yA

fri 7^
r^9 tf/

^ 71
/ LJ ^*) /

^ 1<(

J Q / I

M ff

(V) ll

,

*t / Ve«,

Oesed -

A/< n-uc

nto wo
Ulo Vj?0

3 7^0 Vj-^o

^c» yd^

IftO ''S'tO

$f£o y?V^

^y^o yz*o

3?fo ^y^

3^x> yv^cj

^A-e L,-,/

Remarks

îO/l>

Duplicate measurements will be performed as follows:
<10 measurements »1 duplicate
> 10 one duplicate for every 10 measurements 4 duplicate for fraction over 10

Remarks _ :

Surveyor X_

X



SURFACE MEASUP^ENTS DATA SHEET

Date 2//'/4-3 Sheet 2__ of

Job Name pft\o '̂"TUi^ LAwiOr"in. Job Number *>7"3 -£//1/. 6*>2_

Location M,*.TZT

Time In Time Out Weather CitA? gP?f>.7lJ Temo. 2*y'/r

WindD. fV«^ Velocity )7'VVI Instrument Tvoe £$P-I 6A*~A Serial No. rKc-c'/c-^

Caltoratton Instrument Readino

Scan Rate 10-20cm/sec.

r^/ZC 0^757
SCINT

Irutrumantft

Grid Line/Coordinates Probes

Location

Background

u^//r
MM«/^r/rwv;

t.C'VT^v1- P(V/5L ft

U'EI L ^

VJtU <|

w-F^ID

P-r̂ J
P-r^f
prT"

Duplicate

GM

Scintillation

cpm x 1000

1 Meter

tiMt

•i^fuAte

Contact (10cm)

GM@1cm

-etT»rr

^^®P«-

Atfh fcK

6'" ' f/
to /,9
rr ^
H 12

5? 7^

S~7 «J
^7 ^7
M T2.
^r 7;

ete9^J^
/U /S^/c

jf^o r<fvc?
3^^c) fyzo

3^OO V/YO

37^0 rrz^
3Vf-y tyitso

3?w Wfro
3?go </6?o

3ii& *f£2o

'tfloo ^3?~O

Remarks

Duplicate measurements will be performed as follows:
<10 measurements -1 duplicate
> 10 one duplicate for every 10 measurements + duplicate for fraction over 10

Remarks ;

Surveyor(s) x_
X



SURFACE MEASURflfcNTS DATA SHEET

Date 3/i A? Sheet 3 of
1

^
n V

^

Job Name fSKtOfcert)^ L.Av/)riU_ Job Number <T2T- 6 / / V • 00'2-

Lfication ftAJ>rrr

Time In Time Out Weather CLIT^L 6P^.2| Terno. W*'

WlndD. ^iA/' Velocltv l9Wft/ Instrument Tvoe ESP-f AH*\4 Serial No. liajio- t=

Calbratton Instrument Readirn

Scan Rate 10-20cm/sec.

IJR.C"('1&1'&
SCINT

Instruments

Grid Line/Coordinates Probes

Location

Background

PTIO
rri/
fTl3

?T\^

F-rt

KM
fT"lS

h"In
fr\i

Duplicate

GM

Scintillation

com x 1000

1 Meter

/'

Contact (10cm)

GM@>1cm

/ c/ m ^/'^

!I. vuuu n .
Av* ItiSk.

C7

6^ ' &

S<\ 6*\

<•/" M?

In <Tr

U ^5
6» Hi
nO c\0

It® \w
(£)

2CXT 2vt
'4Lx

. efea^
"J

J9^ ^/^

ir^ v/yo
^0 7^6^

y?c/o y^^o
37?c, ^^fc
fi?^6^ ^f<5

yZOo $~¥0<J

11$ 4$

*2$W \̂fil&
*-^

Remarks

C/>/1< I jTZr/fT 7<5'

•*

&

Duplicate measurements will be performed as follows:
<10 measurements -1 duplicate
> 10 one duplicate for every 10 measurements + duplicate for fraction over 10
Remarks £) WfOcfi* (£)?2vo ct>^ fa) dt^^.î ^J wevfc/ ® noou eft*, /D /?.o<JOc.f>^

Surveyor(s)

/

x_
X



SURFACE MEASUR^NTS DATA SHEET

DateJ-^/ Sheet y of

Job Name ' Job Number

Location rsbbe £'f2-

Timeln Time Out Weather Temp.

WindD. Velocity Instrument Tvne Serial No.

Calbratbn Instrument Readina

Scan Rate 10-20cm/sec.

t

•

A-VJsr

SCINT
hBtrumantB

Grid Line/Coordinates Probes

Location

Background

pT t£"

^

Prife
PTl°l

NbiUbrt A0*ft

bftTC

Duplicate

*foU '. O

GM

Scintillation

cpmx 1000

1 Meter

I

.Z^/^Ar-

Contact (10cm)

<Ksoc.«)</<

GM@1cm

>,U c/__m i

An, 0pwl/U*c

î f̂  JLI7

TZo I0MO
55- 7;

w(iob.\ 13 £L J ? f V * *V • ' ^V.

•3t^i^o) **7

^ > l f f l ^"y.tft

/

f\\lL fate

Q) (!)

f\

Q gjC®

Zi ' ty*^ ^'3^

«*>)

r**i

/Lk

^ C/^^ 4&

£

Remarks

.

.̂̂ /pTr?
5"?£? " ^/f) (^ >•+

?rt*C 101-Z J"iP '

^

£>./f*/J>

^ /^^/c

?/ /w /^.
Duplicate measurements will be performed as follows: "hSc/e/f

> 10 one duplicate for every 10 measurements + duplicate for fraction over 10
Remarks (j) #tfafd-c.y?cJ(

Surveyors)

/

'



APPENDIX C

PARAMETERS USED IN SCREEN EXPOSURE MODEL FOR ESTIMATING RADON GAS
CONCENTRATIONS FROM FLARE EMISSIONS



October 1993 C-l 923-6114

APPENDIX C

PARAMETERS USED IN SCREEN EXPOSURE MODEL FOR ESTIMATING
RADON GAS CONCENTRATIONS FROM FLARE EMISSIONS

Main Flare

Assumptions:

Operating at design capacity of 2,500 cfrn
60% methane in LFG at 255, 300 cal/ft3

180 pCi/liter Rn-222 in LFG = 5,094 pCi/ft3

2,500 cfrn x min/60 sec x 5,094 pCi/fr = 212,250 pCi/sec
= 0.212E-03 mCi/sec

2,500 cfrn x 0.6 x 255,300 cal/ft3 x min/60 sec = 6,382,500 cal/sec
Stack height 40 feet = 12.2 meters

12-Inch Auxiliary Flare

Assumptions:

Operating at design capacity of 1,300 cfm
60% methane in LFG at 255,300 cal/ft3

180 pCi/liter Rn-222 in LFG = 5,094 pCi/ft3

1,300 cfm x min/60 sec x 5,094 pCi/ft* = 110,370 pCi/sec
= 0.110E-03 mCi/sec

1,300 cfm x 0.6 x 255,300 cal/ft3 x min/60 sec = 3,318,900 cal/sec
Stack height 10 feet = 3.05 meters
Terrain height of 4 m above stack base

8-Inch Utility Plane

Assumptions':

Operating at design capcity of 2,000 cfm
60% methane in LFG at 255,300 cal/ft3

180 pCi/liter Rn-222 in LFG
180 pCi/liter x 28.3 liter/ft3 = 169,800 pCi/sec

= 0.17E-03 mCi/sec
2,000 cfm x 0.6 x 255,300 cal/ft3 x min/60 sec = 5,106,000 cal/sec
Stack height = 20 ft x 1 m/3.28 ft = 6 meters

Complex terrain option:

46-meter cliff, 250 meters from flare

Colder Associates



08-25-93
02:00:13

*** SCREEN-1.1 MODEL RUN ***
*** VERSION DATED 88300 ***

DGETON LANDFILL MAIN FLARE

SIMPLE TERRAIN INPUTS:
SOURCE TYPE = FLARE
EMISSION RATE (mCi/S) = .2120E-03
FLARE STACK HEIGHT (M) = 12.20
TOT HEAT RLS (CAL/S) = .6382E+07
RECEPTOR HEIGHT (M) = .00
IOPT (1=URB,2=RUR) = 1
EFF RELEASE HEIGHT (M) = 20.36
BUILDING HEIGHT (M) = .00
MIN HORIZ BLDG DIM (M) = .00
MAX HORIZ BLDG DIM (M) = .00

BUOY. FLUX = 105.81 M**4/S**3; MOM. FLUX

*** FULL METEOROLOGY ***

64.52 M**4/S**2,

*** SCREEN AUTOMATED DISTANCES ***
**********************************

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES ***

™(M)

10.
100.
200.
300.
400.
500.
600.
700.
800.
900.
1000.
1100.
1200.
1300.
1400.
1500.
1600.
1700.
1800.
1900.
2000.
2100.

K200.
300.
2400.
2500.

CONC
(pCi/L)

.0000

.7446E-04

.8785E-03

.8325E-03

.7008E-03

.6236E-03

.5575E-03

.4897E-03

.4505E-03

.4471E-03

.5048E-03

.5520E-03

.6046E-03

.6564E-03

.7010E-03

.7389E-03

.7705E-03

.7964E-03

.8172E-03

.8336E-03

.8461E-03

.8552E-03

.8614E-03

.8650E-03

.8665E-03

.8662E-03

STAB

0
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

U10M
(M/S)

.0
20.0
20.0
20.0
15.0
10.0
8.0
8.0
5.0
2.0
2.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

USTK
(M/S)

.0
23.9
23.9
23.9
17.9
11.9
9.6
9.6
6.0
2.5
2.5
2.5
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2

MIX HT
(M)

.0
5000.0
5000.0
5000.0
4800.0
3200.0
2560.0
2560.0
1600.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0

PLUME
HT (M)

.0
44.7
44.7
44.7
54.5
73.5
86.8
86.8
126.6
124.3
124.3
124.3
151.3
151.3
151.3
151.3
151.3
151.3
151.3
151.3
151.3
151.3
151.3
151.3
151.3
151.3

SIGMA
Y (M)

.0
15.8
30.9
45.5
59.8
73.9
87.7
100.6
115.5
89.9
97.6
105.1
114.8
121.9
128.8
135.7
142.4
149.0
155.5
161.9
168.2
174.4
180.4
186.4
192.2
198.0

SIGMA
Z (M)

.0
13.9
27.4
40.4
53.3
66.3
79.0
90.9
105.1
55.6
58.7
61.7
68.5
71.2
73.8
76.4
78.9
81.3
83.7
86.0
88.3
90.6
92.8
94.9
97.0
99.1

DWASH

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO



MAXIMUM 1-HR CONCENTRAT
233. .9208E-03 4

OR BEYOND
20.0 23.9

10. M:
5000.0 36.0 31.9 NO

DWASH= MEANS NO CALC MADE (CONG =0.0)
JASH=NO MEANS NO BUILDING DOWNWASH USED
^SH=HS MEANS HUBER-SNYDER DOWNWASH USED
tfASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED

DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

***************************************
*** SUMMARY OF SCREEN MODEL RESULTS ***
***************************************

CALCULATION
PROCEDURE

SIMPLE TERRAIN

MAX CONG
(pCi/L)

DIST TO
MAX (M)

.9208E-03 233.

TERRAIN
HT (M)

0.

***************************************************
** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS **
***************************************************



08-25-93
01:37:14

*** SCREEN-1.1 MODEL RUN ***
*** VERSION DATED 88300 ***

IDGETON LANDFILL 12 INCH AUXILIARY FLARE

SIMPLE TERRAIN INPUTS:
SOURCE TYPE
EMISSION RATE (mCi/S)
FLARE STACK HEIGHT (M)
TOT HEAT RLS (CAL/S)
RECEPTOR HEIGHT (M)
IOPT (1=URB,2=RUR)
EFF RELEASE HEIGHT (M)
BUILDING HEIGHT (M)
MIN HORIZ BLDG DIM (M)
MAX HORIZ BLDG DIM (M)

FLARE
.1100E-03
3.05
.3319E+07
.00
1
9.02
.00
.00
.00

BUOY. FLUX = 55.03 M**4/S**3; MOM. FLUX

*** FULL METEOROLOGY ***

33.56 M**4/S**2

*** SCREEN AUTOMATED DISTANCES ***
**********************************

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES ***

•
1ST
(M)

10.
100.
200.
300.
400.
500.
600.
700.
800.
900.

1000.
1100.
1200.
1300.
1400.
1500.
1600.
1700.
1800.
1900.
2000.
2100.

JM200.
VP300'

2400.
2500.

CONC
(pCi/L)

.0000

.8756E-03

.1168E-02

.8327E-03

.6840E-03

.5685E-03

.4868E-03

.5538E-03

.6234E-03

.6827E-03

.7495E-03

.8022E-03

.8421E-03

.8711E-03

.8908E-03

.9028E-03

.9088E-03

.9097E-03

.9068E-03

.9008E-03

.8924E-03

.8822E-03

.8706E-03

.8580E-03

.8447E-03

.8309E-03

STAB

0
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

U10M
(M/S)

.0
20.0
20.0
10.0
8.0
8.0
5.0
2.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

USTK
(M/S)

.0
20.0
20.0
10.0
8.0
8.0
5.0
2.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

MIX HT
(M)

.0
5000.0
5000.0
3200.0
2560.0
2560.0
1600.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0

PLUME
HT (M)

.0
29.2
29.2
51.9
62.6
62.6
94.8
98.8
98.8

122.1
122.1
122.1
122.1
122.1
122.1
122.1
122.1
122.1
122.1
122.1
122.1
122.1
122.1
122.1
122.1
122.1

SIGMA
Y (M)

.0
15.8
30.9
46.0
60.6
74.3
89.6
72.7
80.8
90.8
98.4

105.9
113.2
120.4
127.5
134.4
141.2
147.8
154.4
160.8
167.1
173.3
179.4
185.4
191.3
197.1

SIGMA
Z (M)

.0
13.9
27.4
41.0
54.2
66.7
81.1
46.8
50.2
57.0
60.0
63.0
65.8
68.6
71.3
74.0
76.6
79.1
81.5
83.9
86.3
88.6
90.8
93.0
95.2
97.3

DWASH

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO



MAXIMUM 1-HR CONCENTRATI
150. .1329E-02 4

OR BEYOND
'20.0 20.0

10. M:
5000.0

K̂
23.6 20.8 NO

DWASH= MEANS NO CALC MADE (CONG =0.0)
SH=NO MEANS NO BUILDING DOWNWASH USED
=HS MEANS HUBER-SNYDER DOWNWASH USED

DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

***************************************
*** SUMMARY OF SCREEN MODEL RESULTS ***
***************************************

CALCULATION
PROCEDURE

SIMPLE TERRAIN

MAX CONG
(pCi/L)

DIST TO
MAX (M)

.1329E-02 150.

TERRAIN
HT (M)

0.

***************************************************
** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS **
***************************************************



08-25-93
01:48:55

*** SCREEN-1.1 MODEL RUN ***
*** VERSION DATED 88300 ***

DGETON LANDFILL 12 INCH AUXILIARY FLARE, ELEVATED TERRAIN

SIMPLE TERRAIN INPUTS:
SOURCE TYPE
EMISSION RATE (mCi/S)
FLARE STACK HEIGHT (M)
TOT HEAT RLS (CAL/S)
RECEPTOR HEIGHT (M)
IOPT (1=URB,2=RUR)
EFF RELEASE HEIGHT (M)
BUILDING HEIGHT (M)
MIN HORIZ BLDG DIM (M)
MAX HORIZ BLDG DIM (M)

FLARE
.1100E-03
3.05
.3319E+07
.00
1
9.02
.00
.00
.00

BUOY. FLUX = 55.03 M**4/S**3; MOM. FLUX =

*** FULL METEOROLOGY ***

**********************************
*** SCREEN AUTOMATED DISTANCES ***
**********************************

33.56 M**4/S**2

*** TERRAIN HEIGHT OF 4. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES ***

MIST
(M)

10.
100.
200.
300.
400.
500.
600.
700.
800.
900.
1000.
1100.
1200.
1300.
1400.
1500.
1600.
1700.
1800.
1900.
2000.
2100.

&200.
3̂00.
2400.
2500.

CONG
(pCi/L)

.0000

.1537E-02

.1351E-02

.9378E-03

.7429E-03

.6003E-03

.5848E-03

.6610E-03

.7269E-03

.7915E-03

.8564E-03

.9055E-03

.9408E-03

.9646E-03

.9789E-03

.9856E-03

. 9864E-03

.9824E-03

.9748E-03

.9644E-03

.9519E-03

.9379E-03

.9228E-03

.9070E-03

.8907E-03

.8742E-03

STAB ,

0
4
4 .
4
4
4
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

U10M
(M/S)

.0
20.0
20.0
10.0
8.0
8.0
3.0
2.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

USTK
(M/S)

.0
20.0
20.0
10.0
8.0
8.0
3.0
2.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

MIX HT
(M)

.0
5000.0
5000.0
3200.0
2560.0
2560.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0

PLUME
HT (M)

.0
25.2
25.2
47.9
58.6
58.6
83.4
94.8
94.8
118.1
118.1
118.1
118.1
118.1
118.1
118.1
118.1
118.1
118.1
118.1
118.1
118.1
118.1
118.1
118.1
118.1

SIGMA
Y (M)

.0
15.8
30.9
46.0
60.6
74.3
63.4
72.7
80.8
90.8
98.4
105.9
113.2
120.4
127.5
134.4
141.2
147.8
154.4
160.8
167.1
173.3
179.4
185.4
191.3
197.1

SIGMA
Z (M)

.0
13.9
27.4
41.0
54.2
66.7
41.4
46.8
50.2
57.0
60.0
63.0
65.8
68.6
71.3
74.0
76.6
79.1
81.5
83.9
86.3
88.6
90.8
93.0
95.2
97.3

DWASH

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO



MAXIMUM 1-HR CONCENTRATI
129. .1782E-02

OR BEYOND
.0 20.0

10. M:
5000.0 20.4 18.0 NO

DWASH= MEANS NO CALC MADE (CONG =0.0)
rASH=NO MEANS NO BUILDING DOWNWASH USED
ASH=HS MEANS HUBER-SNYDER DOWNWASH USED

WASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

un.«;
,

********************************************
* SUMMARY OF TERRAIN HEIGHTS ENTERED FOR *
* SIMPLE ELEVATED TERRAIN PROCEDURE *
********************************************

TERRAIN
HT (M)

4.

DISTANCE RANGE (M)
MINIMUM MAXIMUM

10. 2500.

***************************************
*** SUMMARY OF SCREEN MODEL RESULTS ***
***************************************

CALCULATION
PROCEDURE

SIMPLE TERRAIN

MAX CONG
(pCi/L)

DIST TO
MAX (M)

. 1782E-02 129.

TERRAIN
HT (M)

4.

***************************************************

•
REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS **
************************************************



08-25-93
00:34:36

*** SCREEN-1.1 MODEL RUN ***
*** VERSION DATED 88300 ***

'GETON LANDFILL 8 INCH PORTABLE FLARE, COMPLEX TERRAIN

COMPLEX TERRAIN INPUTS:
SOURCE TYPE
EMISSION RATE (mCi/S)
FLARE STACK HEIGHT (M)
TOT HEAT RLS (CAL/S)
RECEPTOR HEIGHT (M)
IOPT (1=URB/2=RUR)
EFF RELEASE HEIGHT (M)

FLARE
. 1700E-03
6.00
.5106E+07
.00
1
13.34

BUOY. FLUX = 84.66 M**4/S**3; MOM. FLUX 51.62 M**4/S**2.

FINAL STABLE PLUME HEIGHT (M) = 109.5
DISTANCE TO FINAL RISE (M) = 200.2

TERR
HT
(M)

46.

DIST
(M)

150.

i

MAX 24-HR
CONC
(pCi/L)

.1633E-02

* VALLEY 24-HR CALCS*
PLUME HT

CONC ABOVE STK
(pCi/L) BASE (M)

.1633E-02 92.7

**SIMPLE TERRAIN 24-HR CALCS**
PLUME HT

CONC ABOVE STK U10M USTK
(pCi/L) HGT (M) SC (M/S)

.1052E-02 24.1 4 20.0 21.5



08-25-93
00:34:36

*** SCREEN-1.1 MODEL RUN ***
*** VERSION DATED 88300 ***

DGETON LANDFILL 8 INCH PORTABLE FLARE, COMPLEX TERRAIN

SIMPLE TERRAIN INPUTS:
SOURCE TYPE
EMISSION RATE (mCi/S)
FLARE STACK HEIGHT (M)
TOT HEAT RLS (CAL/S)
RECEPTOR HEIGHT (M)
IOPT (1=URB,2=RUR)
EFF RELEASE HEIGHT (M)
BUILDING HEIGHT (M)
MIN HORIZ BLDG DIM (M)
MAX HORIZ BLDG DIM (M)

FLARE
.1700E-03
6.00
.5106E+07
.00
1
13.34
.00
.00
.00

BUOY. FLUX = 84.66 M**4/S**3; MOM. FLUX = 51.62 M**4/S**2,

*** FULL METEOROLOGY ***

*** SCREEN AUTOMATED DISTANCES ***
**********************************

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES ***

™*M*

10.
100.
200.
300.
400.
500.
600.
700.
800.
900.
1000.
1100.
1200.
1300.
1400.
1500.
1600.
1700.
1800.
1900.
2000.
2100.

B200.
300.
2400.
2500.

CONC
(pCi/L)

.0000

.3087E-03

.1165E-02

.9259E-03

.7489E-03

.6411E-03

.5580E-03

.4798E-03

.5258E-03

.5905E-03

.6438E-03

.7004E-03

.7578E-03

.8055E-03

.8443E-03

.8752E-03

.8991E-03

.9168E-03

.9294E-03

.9376E-03

.9421E-03

.9435E-03

.9423E-03

.9390E-03

.9339E-03

.9274E-03

STAB

0
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

U10M
(M/S)

.0
20.0
20.0
15.0
10.0
8.0
8.0
5.0
3.0
2.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

USTK
(M/S)

.0
21.5
21.5
16.1
10.7
8.6
8.6
5.4
3.3
2.2
2.2
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1

MIX HT
(M)

.0
5000.0
5000.0
4800.0
3200.0
2560.0
2560.0
1600.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0
5000.0

PLUME
HT (M)

.0
37.5
37.5
47.0
65.0
77.9
77.9
116.7
101.3
114.0
114.0
140.1
140.1
140.1
140.1
140.1
140.1
140.1
140.1
140.1
140.1
140.1
140.1
140.1
140.1
140.1

SIGMA
Y (M)

.0
15.8
31.0
45.7
60.3
74.5
87.8
103.3
80.6
89.6
97.3
107.1
114.4
121.5
128.5
135.4
142.1
148.8
155.3
161.7
167.9
174.1
180.2
186.1
192.0
197.8

SIGMA
Z (M)

.0
13.9
27.4
40.6
53.9
66.9
79.1
93.8
49.9
55.1
58.2
65.1
67.9
70.6
73.2
75.8
78.3
80.8
83.2
85.5
87.8
90.1
92.3
94.4
96.6
98.7

DWASH

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO



MAXIMUM 1-HR CONCENTRAT
194. .1167E-02 4

OR BEYOND
.0 21.5

10. M:
5000.0

DWASH= MEANS NO CALC MADE (CONC =0.0)
ASH=NO MEANS NO BUILDING DOWNWASH USED
IASH=HS MEANS HUBER-SNYDER DOWNWASH USED

DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

***************************************
*** SUMMARY OF SCREEN MODEL RESULTS ***
***************************************

30.2 26.7 NO

CALCULATION
PROCEDURE

SIMPLE TERRAIN

COMPLEX TERRAIN

MAX CONC
(pCi/L)

.1167E-02

.1633E-02

DIST TO '.
MAX (M)

194.

150.

FERRAIN
HT (M)

0.

46.46. (24-HR CONC)

***************************************************
** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS **
***************************************************


